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 The Lewis Shale is an emerging natural gas exploration target in the Great Divide 
and Washakie basins, Wyoming. The purpose of this study is to estimate the volumes of 
gas-in-place in the Lewis Shale interval. This study employs a 3-D geologic model and 
uses this information to calculate gas-in-place volumes in sandstone lobes of the Lewis 
Shale.  
 Cross sections were constructed across the study area prior to doing regional 
stratigraphic correlation. Using this technique, 12 sandstone lobes were interpreted. 
Different inferred paleocurrent directions were also interpreted using isopach maps. 
Deep-water sandstones of the Lewis Shale initially entered from the northwest and later 
from the northeast, southwest and east. 
 A 3-D geologic model was built to mimic the subsurface geology of the Lewis 
Shale in the Great Divide and Washakie basins. Well log data, a 3-D geologic model, and 
a 3-D porosity model were integrated to calculate gas-in-place volumes in each sandstone 
lobe. Using the correlation scheme of this study, the Orange Sand was interpreted to be 
the sand that holds the largest gas-in-place volume. The Blue Sand holds the second 
largest gas-in-place volume. Both of these sands occur in the Dad Member of the middle 
Lewis Shale. Because of the vast lateral extent of the Orange and Blue Sands, they hold 
the largest gas-in-place volume. 
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 Gas-in-place volumes were calculated using two different porosity assumptions. 
One used average porosity and the other used porosity as a function of depth. The 
hydrocarbon saturations used in calculations are 40%, 50%, and 60%. Temperature data 
for each sandstone lobe were calculated by multiplying the midpoint depth of each 
sandstone lobe by a temperature gradient of 1.5o F/100 ft. Pressure data for each 
sandstone lobe were calculated by multiplying the midpoint depth of each sandstone lobe 
by the pressure gradient. Two pressure gradients were used to calculate gas-in-place 
volumes. A pressure gradient of 0.45 psi/ft was used for sand above the top of 
overpressure. Pressure gradient of 0.65 psi/ft was used for sand below the top of 
overpressure. Volumetric calculations using average porosity showed that gas-in-place 
volumes range from 62.2 to 82.9 Tcf. Volumetric calculations using porosity as a 
function of depth showed that gas-in-place volumes range from 46.5 to 62.0 Tcf. The 
volume difference calculated between both calculations was 25.2%. This indicates that 
estimated hydrocarbon volume decreases with increased sophistication of porosity 
modeling. 
 In this study, the estimates of gas-in-place volumes are substantially less than 
previous estimates. It should be noted that the previous estimates covered the entire 
Greater Green River basin, whereas this study focuses on part of the Eastern Greater 
Green River basin. The estimates of gas-in-place volumes are one-twelfth compared to 
the estimates of gas-in-place volumes calculated by Law et al. (1989) for all reservoirs in 
the Lewis Shale in the entire Greater Green River basin. 
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The Lewis Shale is an emerging natural gas exploration target in the Great Divide 
and Washakie basins, Wyoming. This study involves the construction of a 3-D geologic 
model based on a regional log-correlation framework to help determine the geometry and 
volumetric size of the Lewis Shale sandstone reservoirs. This study is needed in order to 
make improved estimates of gas-in-place. 
 
1.2 Research Objectives 
The ultimate objective of this research is to calculate the volumes of gas-in-place 
in the Lewis Shale interval.  In order to achieve this objective, the study employs a 3-D 
geologic model, which is based on a subsurface interpretation of well-log data. The 
purpose of subsurface interpretation is to identify the geometry and distribution of 
sandstone bodies that lie within the Lewis Shale in the Great Divide and Washakie basins 
of Wyoming. The other objectives of this study are: 
• Construct a stratigraphic framework based on well-log data previously 
interpreted. 
• Construct a top of overpressure map. 
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• Construct a 3-D geologic model of the sandstone lobes of the Lewis Shale using 
the 3-D modeling software RMS (Reservoir Modeling System). 
• Calculate sand volume in each sandstone lobe using a gamma ray cutoff. 
• Calculate pore volumes using a constant value of porosity and a porosity versus 
depth function developed from core analyses. 
• Calculate gas-in-place volumes using different hydrocarbon saturations and 
constrained pressure by the top of overpressure. 
 
1.3 Research Methods 
Research methods include subsurface data set preparation, subsurface analysis, 
computer modeling and volumetric calculation. The ultimate output, a 3-D geologic 
model, was constructed using log correlations in regional cross sections. Subsequently, 
this model was utilized in the calculation of Lewis Shale gas-in-place volumes in the 
Great Divide and Washakie basins. The research methods are: 
• Load data set 
   The data set, which includes the base map, described core, well location, 
and well log data for 232 wells were loaded into PETRA software. The locations 
of subsurface data points are very important in order to build a 3-D geologic 




• Edit data set 
Digital data need to be edited prior to doing volumetric calculations. 
Calibration and digitization processes need to be applied for wells that do not 
have digital data. Normalization needs to be applied to all wells drilled in the 
study area because of different environments and different service companies.  
The normalization work was done using a multi-well histogram approach. The 
software used to normalize wells is Power Log. The Creston SE #5 (T19N R91W 
Sec. 1) was the well used to determine the gamma ray cutoff for sandstone in the 
Lewis Shale interval. The gamma ray cut off was determined by observing the 
contact in core between shale and sandstone at the depth of 8,200 ft (2,733 m).  
• Well log correlation 
As subsurface data types become more sophisticated, a new interpretation 
using well log data of the Lewis Shale is developed.  The well log data of 232 
wells consists of gamma ray, resistivity, sonic, density, and neutron logs. These 
well logs were used to interpret the subsurface geology of the Lewis Shale. The 
Asquith marker was used as a datum for stratigraphic correlation. Shales above 
and below sandstones were used as control markers. 
• Overpressure interpretation 
Because the overpressure in the study area is caused by gas generation 
(Spencer, 1987), the approach is to use several data sets including the sonic and 
resistivity logs in addition to total gas and mud weight data. The top of 
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overpressure is characterized by high sonic transit time and high resistivity 
readings. High sonic transit time readings may be caused by the replacement of 
lower transit time pore water with higher transit time gas. It may also be caused 
by elevated porosity due to reduced compaction. Resistivity increases may be 
caused by the replacement of conductive pore water with non-conductive 
hydrocarbons. 
• Build a 3-D geologic model 
   After the data were loaded into PETRA, a 3-D geologic model was 
developed. The software used to generate the model is RMS (Reservoir Modeling 
System). This software interpolates the input data points to generate the surfaces. 
The accuracy of the model is based on the density of the data points. The more 
data points that we have, the more accurate the model that we generate. The 
following steps need to be done prior to building a 3-D geologic model: 
1.  Build the stratigraphic framework 
The stratigraphic framework was built using the interpretation of 11 
cross sections. The log tops from 12 sandstone lobes were exported and used 
as surfaces. This is the most important step in 3-D modeling. If the 
stratigraphic framework is too limited, or is based on an incorrect stratigraphic 
interpretation, the resultant 3-D distribution of data can be wrong. Therefore, 
it is critical to interpret the stratigraphic framework accurately and with 
enough detail to represent the correct stratal geometry.  
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2.  Generate facies modeling 
Facies modeling was done using gamma ray log and core data. Core 
data available for this purpose is from Pyles (2000). A gamma ray cutoff was 
applied following the approach of Zainal (2001). This cutoff differentiates 
sand from shale using normalized gamma ray logs. 
3.  Map the top of overpressure 
• Volumetric analysis of reservoirs 
After a 3-D geologic model is developed, the volumetric analysis can be 
done. Sand volumes in each interval were computed after applying the GR cutoff. 
Pore volumes were computed using: (1) a constant value of porosity, and (2) a 
porosity vs. depth function developed from core analyses. Gas volumes were 
computed using different values of water saturation. Pressures were constrained 
by the top of overpressure map. 
     
1.4 Research Contributions 
 Even though the Lewis Shale has been studied for several years and has been the 
subject of numerous surface and subsurface studies, there are many things that still need 
to be understood. This study is significant because it provides valuable research benefits 
regarding a basin-scale 3-D geologic model. Accomplishment of research objectives 
contributes to the development of the Lewis Shale.  The contribution of this study are 
listed below: 
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• The well log data were used to map surfaces. These surfaces represent the top and 
the base of sandstone lobes. The output of mapping surfaces is to develop a 
regional stratigraphic framework for the 3-D geologic model. 
• The tops of overpressure zones were interpreted using sonic and resistivity logs in 
addition to pressure, mud weight, and total gas data. An overpressure map 
provides information about the distribution of overpressure zones that is very 
important for drilling and development programs. 
• The 3-D geologic model provides a better way to calculate the volumes of 
reservoirs. In addition, a 3-D geologic model can be used to generate a flow 
simulation model. 
• Volumetric calculations were done using different parameters such as gamma ray 
cutoff, porosity, water saturation, and pressure. The output of the volumetric 
calculation is various volume estimations in different sandstone lobes. 
 
1.5 Previous Work 
Law et al. (1989) estimated gas resources in Cretaceous and Tertiary sandstone 
reservoirs in the Greater Green River basin, Wyoming, Colorado, and Utah. They 
estimated that total recoverable gas ranges from 27 to 148 Tcf with 73 Tcf as the mean 
estimate for the current technology case, and from 189 to 816 Tcf with 433 Tcf as the 
mean estimate for the future technology case. Sandstone reservoirs are considered to be 
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tight gas reservoirs associated with overpressure. They have low porosity due to 
alteration by deep burial cementation and other factors. 
McMillen and Winn (1991) studied sequence stratigraphy and reported that the 
Lewis Shale in south-central Wyoming was deposited as a third-order depositional 
sequence. They considered the lower part of the Lewis Shale to be the transgressive 
systems tract deposits; the Dad Sandstone and the upper part of the Lewis Shale were the 
highstand systems tract deposits. 
Doelger and Barlow (1997) reported that approximately 85 percent of the total gas 
supply in the Greater Green River basin (GGRB) comes from the Lewis Shale, the 
Mesaverde Group, the Frontier Formation, and the Muddy-Dakota Formation. However, 
only 0.6 Tcf of gas, or 6 percent of its 10.7 Tcf gas resource, has been produced from the 
Lewis Shale.   
Surdam (1997) reported that Cretaceous shales in the Rocky Mountain Laramide 
basins are overpressured. Sandstone bodies within the overpressured shale section are 
subdivided stratigraphically and diagenetically into relatively small, isolated, gas-
saturated, and anomalously pressured compartments. In terms of overpressure 
mechanism, he interpreted that hydrocarbon generation may be one of the most 
potentially effective mechanisms for generating pressure anomalies and pressure 
compartmentalization in sedimentary basins. 
Witton (1999) worked in the southern Washakie basin. She characterized turbidite 
deposits in outcrop and correlated her observations to borehole images. She also 
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identified two different types of sandstone. Sheet sandstones, which she called lithofacies 
A, tend to be laterally continuous. Channel sandstones, which she called lithofacies B, 
tend to be laterally discontinuous.  
Pyles (2000) interpreted the high-frequency sequence stratigraphy of the Lewis 
Shale and Fox Hills Formation in the Great Divide and Washakie basins. He constructed 
a 45 mi (72 km) long dip-oriented cross section and recognized two different depositional 
patterns. The depositional pattern of the lower part, below a regional shale termed the 
Asquith marker, exhibits a retrogradational stacking pattern. The depositional pattern 
above the Asquith marker exhibits a progradational stacking pattern. This was interpreted 
as a third-order highstand systems tract, which indicated that the Lewis sea regressed 
from north to south.  
Hamzah (2001) developed regional subsurface correlations of the Lewis Shale in 
the Great Divide and Washakie basins using 11 cross sections. In the cross sections, a 
prograding stacking pattern was identified from north to south. She also identified 13 
sandstone lobes in the Lewis Shale. The distribution of sandstone bodies exhibited lateral 
shifts of sandstone depocenters. Six major source directions were interpreted based on the 





2.1 Location of Study Area 
The study area is part of the Greater Green River basin, which contains significant 
accumulations of natural gas and oil. The study area covers the Great Divide and 
Washakie basins in south-central Wyoming (Figure 2.1). The study area covers 3,600 mi2 
(9,216 km2), encompassing Townships from 12N to 22N and Ranges from 90W to 100W. 
The Great Divide basin lies north of the Wamsutter arch. It is bounded on the north by 
the Wind River uplift, on the east by the Rawlins uplift, on the south by the Wamsutter 
arch, and on the west by the Rock Springs uplift. The Washakie basin is separated from 
the Great Divide basin by the Wamsutter arch. It is bounded on the north by the 
Wamsutter arch, on the east by the Sierra Madre uplift, on the south by the Cherokee 
Ridge arch, and on the west by the Rock Springs uplift (Figure 2.2).  
Cretaceous rocks, which include the Lewis Shale, Fox Hills, Almond and Lance 
Formations, crop out on the eastern and western flanks of the basins. The outcrops have a 




































Figure 2.1. The red rectangle shows the study area located in south-central Wyoming. 










Figure 2.2. Map of major tectonic features. The red rectangle shows the location of the 
study area in south-central Wyoming. The study area is bounded on the north by the 
Wind River Mountains, on the east by the Rawlins uplift, on the south by the Cherokee 
Ridge arch, and on the west by the Rock Springs uplift. (After Baars et al., 1988). 
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2.2 Stratigraphy 
2.2.1 Regional Stratigraphy 
 Sedimentary rocks preserved in basins range from Pre-Cambrian to Tertiary in 
age, except for Silurian rocks. However, the main stratigraphic sequence is Mesozoic and 
Cenozoic rocks. Among those rocks, the Cretaceous rocks, which are known to be the 
main hydrocarbon productive interval, contain reservoirs and source rocks. The complete 
stratigraphic column for Cretaceous rocks is illustrated in Figure 2.3.  
During the Precambrian, a series of sequences of sedimentary rocks were 
deposited and then altered to be metasediments by granite intrusions. These rocks, which 
are exposed surrounding the basins, formed a topographic high. Erosion occurred at the 
end of the Precambrian.  
During the Late Precambrian through Middle Jurassic, the Greater Green River 
basin was part of a passive margin on the west coast of North America. During repeated 
regressions from the Paleozoic to Middle Jurassic, a series of sedimentary rocks were 
deposited in this depositional setting, mainly in non-marine to shallow marine 
environments (McPeek, 1981).   
Cambrian strata are comprised of the Deadwood Formation, which is deposited 
unconformably above the Precambrian rocks. The Deadwood Formation is comprised of 
purple to pink quartzite. The Madison Formation of Mississippian age was deposited 
overlying the Cambrian Deadwood Formation. It overlies an unconformity, where 
Ordovician, Silurian, and Devonian rocks are not present. The Madison Formation is 
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Figure 2.3. Regional stratigraphic column of basins in south-central Wyoming.  
On a regional scale, the base of the Lewis Shale interfingers with the Almond Formation 
of the Mesaverde Group and the top of the Lewis Shale interfingers with the Fox Hills 
Formation, which then interfingers with the overlying Lance Formation. (Modified from 
Baars et al., 1988). 
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comprised of thick shelf carbonates. The Weber Formation of Pennsylvanian age was 
subsequently deposited over the Madison Formation. It is comprised of dark red fluvial 
sandstone deposits. Above the Weber Formation is an unconformity, overlain by Permian 
sediments. Permian sediments are known as the Phosphoria Formation. As sea level 
began to rise during the Permian, it allowed a relatively continuous carbonate sequence to 
be deposited. The Phosphoria Formation is a well-known source rock in the Rocky 
Mountain region (Edman and Surdam, 1984). 
During the Jurassic, large lakes and low-gradient fluvial systems dominated the 
proto-foredeep. Sedimentary rocks include the Nugget, Morrison and Entrada 
Formations. The Nugget Formation was deposited unconformably above the Permian 
Phosphoria Formation. The Nugget Formation represents an eolian environment. During 
the late Jurassic, sea level began to fall and the Morrison Formation was deposited 
unconformably over the Nugget Formation. Gray and greenish shale alternating with 
green sandy shale and white fluvial sandstones are characteristic of the Morrison 
Formation. 
In the Lower Cretaceous, the foreland basin started to develop adjacent to the 
Cordilleran thrust belt. As the Cordilleran thrust belt propagated eastward, rapid basin 
subsidence allowed deposition of the Lower Cretaceous sedimentary rocks. These 
sedimentary rocks include the Cloverly, Thermopolis Shale, and Muddy Sandstone. The 
Cloverly Formation was deposited unconformably above the Jurassic Morrison 
Formation. As sea level began to rise, the Thermopolis Shale was deposited above the 
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Cloverly Formation. This was followed by deposition of the Muddy Sandstone, which 
displays both marine and non-marine characteristics. The Mowry, which subsequently 
covered the Muddy Sandstone, is characterized by dark fissile shale.  
During the Upper Cretaceous, many stratigraphic units were deposited in south-
central Wyoming, which included the Frontier, Cody Shale, Mesaverde Group, Lewis 
Shale, Fox Hills, and Lance Formations. The Frontier Formation, which was deposited 
over the Lower Cretaceous sequences, is dominantly fluvial sandstone with minor shale 
in the lower part. As sea level rose, the Cody Formation, which is characterized by dark 
shale, was deposited over the Frontier Formation. This was followed by deposition of the 
Mesaverde Group. Interbedded sandstone, shale, coal, and siltstone deposited in non-
marine and transitional environments are characteristic of the Mesaverde Group. The 
Almond Formation, which is one of the Mesaverde Group members, represents a 
transition from non-marine to marine deposition. The Lewis Shale was deposited over the 
Mesaverde Group during transgression in the Campanian to Maastrictian. The Upper 
Cretaceous Lewis Shale of south-central Wyoming was deposited during the final 
transgression and regression of the Western Interior Seaway (Weimer, 1960). The Lewis 
Shale has been recognized as a major source of oil and gas in the Rocky Mountain 
region. The Lewis Shale was deposited in several depositional settings. These 
















































































































































The Lewis Shale conformably overlies the Almond Formation of the Mesaverde 
Group, which was deposited primarily in non-marine environments during the previous 
regression.  As sea level began to fall during the late Cretaceous, the Fox Hills Formation 
was deposited over the Lewis Shale. Thick sandstone deposits with minor shale are 
characteristic of this formation. The depositional environment is interpreted to be fluvial 
deltaic and shallow marine. On a regional scale, the top of the Lewis Shale interfingers 
with the Fox Hills Formation, which consecutively interfingers with the overlying Lance 
Formation. The base of the Lewis Shale also interfingers with the Mesaverde Group. The 
contacts between the Lewis Shale, the underlying Almond Formation of the Mesaverde 
Group, and the overlying Fox Hills Formation are defined primarily by the change 
between the shale of the Lewis Shale and the sandstone lithologies of the Almond and 
Fox Hills Formations. The Fox Hills Formation is transitional between the largely marine 
Lewis Shale and the overlying non-marine Lance Formation. This complex facies 
relationship exists among these various Cretaceous rocks due to the transgression and 
regression of the shoreline (Steidtmann, 1993). 
During the Paleocene, the Laramide Orogeny occurred and the Fort Union 
Formation was deposited due to erosion of the adjacent uplifts. The formation is 
characterized by fluvial deposits such as conglomerates, sandstones, and coals. The Fort 




2.2.2 Local Stratigraphy 
The Great Divide and Washakie basins are located in south-central Wyoming. 
The Lewis Shale can be as thick as 2,640 ft (880 m) and consists of shale, siltstone and 
sandstone (Gill et al., 1970; Perman, 1990). Lewis Shale deposition in the Great Divide 
and Washakie basins was related to a major delta system, the Sheridan Delta, that 
extended eastward across Wyoming from Idaho to near the South Dakota state line (Gill 
and Cobban, 1973). The source of sediment input came generally from the west from the 
Sevier orogenic belt (Winn et al., 1987). Most sandstones have low porosity and 
permeability as a result of high clay content. Many sandstones that were deposited in 
high-energy environments (zones of wave activity) have lost their porosity through 
feldspar alteration (Haun, 1961).  
The Lewis Shale was deposited in different depositional settings. Basically the 
Lewis Shale has three informal lithostratigraphic members: the Lower Shale member, the 
Dad Sandstone member, and the Upper Shale member (Figure 2.5). The Lower Shale 
member is comprised of several hundred feet of interbedded siltstone and black marine 
shale, including the 30-80 ft (10-27 m) thick Asquith marker, which is a third-order 
condensed section of organic-rich shale. The Asquith marker was deposited during a 
maximum flooding event of the Cretaceous Western Interior Seaway. The condensed 
section has TOC (total organic carbon) values ranging from 0.68 to 1.28% in outcrop, 
and from 1.68 to 3.15% in core (Pyles, 2000). The Lower Shale member is black, 






















Figure 2.5. Type log for the Lewis Shale interval in the Washakie basin of south-central 
Wyoming. The gamma ray log is from the Barrel Springs Unit 22-7 well (T16N-R93W-
Sec. 22). (Modified from Witton, 1999). 
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(Winn et al., 1985). Abundant burrowing suggests that the depositional environment was 
oxygenated (Winn et al., 1985).  
Bentonite beds, an important component of the fine-grained sedimentary rocks of 
the Cretaceous Western Interior Seaway, were also deposited within the Lower Shale 
member below the Asquith marker. They are the product of extensive coeval arc 
magmatism along the western margin of North America throughout the middle to Late 
Cretaceous (Kauffman, 1977).   
The middle member, known as the Dad Sandstone member, is mainly comprised 
of interbedded sandstone and shale. The middle member was named the Dad Sandstone 
member and described by Hale (1961) as “ a series of sandstones and minor shale 1,000-
1,400 ft (467 m) thick which divides the Lewis Shale into upper and lower shale units.” 
In the study area, the Dad Sandstone member was deposited in a slope and basin floor fan 
setting. The Dad Sandstone consists of both sheet and channel sands and represents the 
main reservoir interval for natural gas in the Lewis Shale (Figure 2.6). The Dad 
Sandstone is characterized by coarser grained sediments related to deltas that entered the 
basin from the northeast and later from the south (Winn et al., 1985). The maximum 
thickness of the Dad Sandstone is 1,328 ft (443 m) in the Washakie basin (Perman, 
1986). The Dad Sandstone was deposited during the Baculites baculus, Baculites grandis 
and Baculites clinobatus ammonite zones (Perman, 1987). Turbidite currents were 





Figure 2.6. The upper picture shows the channel sandstone of the Dad Sandstone member 
and the lower picture shows the sheet sandstones. The sheet sandstones have better lateral 
continuity than channel sandstones. The pictures are taken from outcrops studied by 
Witton (1999). 
 22
The Upper Shale member, which was deposited over the Dad Sandstone member, 
is comprised of shale, dark gray to olive gray siltstone, and sandy siltstone with local 
fossiliferous limestone or siltstone concretions (Gill et al., 1970). The interbedded shales, 
siltstones, and bentonite beds are effective seals that can prevent hydrocarbons from 
migrating out of the system (Spencer, 1981).  
The Lewis Shale was originally named by Cross and Spencer (1899) for an 
interval of marine shale. The type location is located at Fort Lewis, east of Mesaverde 
National Park in southwestern Colorado. It was pointed out that the Lewis Shale in south-
central Wyoming is not related lithogenetically to the formation with the same name in 
the type section. The Lewis Shale is late Campanian to late Maastrichtian in age and is 
younger than the Lewis Shale exposed at the type location in southwestern Colorado 
(Weimer, 1960). 
Interpretations of sandstone geometry and facies changes in the Lewis Shale using 
isopach maps have been proposed by some investigators. Heppe (1960) interpreted that 
the eastward increased in thickness is the result of facies changes at the base and the top 
of the formation. Hancock (1925) interpreted that the thinning in the extreme west part of 
the area is the result of pre-Tertiary erosion. Haun (1961) interpreted that the thickening 
eastward is partially compensated by the thinning of parts of the shale facies in areas 




The inferred directions of delta progradation have been interpreted by several 
investigators (Figure 2.7). Asquith (1970) interpreted that the sediment input of the Lewis 
Shale in the Great Divide and Washakie basins was derived from the northeast and east. 
Weimer (1970) and Winn et al. (1985, 1987) proposed that the source for sandstone and 
shale of the Lewis Shale were derived from the north and northeast. However, they also 
proposed that the source of sediment for the upper shale member of the Lewis Shale was 
to the south. Haun (1961) proposed that the middle sandy member of the Lewis Shale 
was a delta deposited by a river that entered the sea from the southwest. Witton (1999) 
interpreted southwest to west progradation using paleocurrent analyses measured in 
outcrop. Pyles (2000) showed progradational clinoform patterns from north to south. 
Hamzah (2001) proposed that the source for sandstone and shale of Dad sandstone 
member was initially from the northeast and northwest and later from the south.  
 
2.3 Tectonics 
2.3.1 Regional Tectonics 
During the Late Precambrian through Middle Jurassic, the Greater Green River 
basin was part of a passive margin on the west coast of North America. During that time, 
many formations were deposited because a passive margin is a favorable place for 
sediments to accumulate. Passive margin tectonics dominated until about 120 Ma when 
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Figure 2.7. The interpretation of inferred paleocurrent directions of delta progradation 
into the Lewis sea. The paleogeographic maps of Weimer (1970), Asquith (1970), and 
Winn et al. (1985) are positioned to correspond as closely as possible to times 
represented by Witton’s (1999) reconstruction. (After Hamzah, 2001). 
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During the Jurassic, the western part of the North American craton evolved from a 
passive margin to an active subduction margin. As a result of the subduction process, a 
thrust belt and a foreland basin formed along the west margin of the North American 
plate. The major factor controlling basin subsidence and sedimentation was the 
combination of plutonism, volcanism, and lithospheric loading in the thrust belt caused 
by subduction that extended from Alaska to Mexico. Sediment loading within the 
foreland played a secondary role (Jordan, 1981). Major fluctuations in sea level, some of 
which were eustatically controlled, also affected basin sedimentation (Jervey, 1992). 
In Wyoming, structural and stratigraphic evidence suggest that Sevier 
deformation began during the Early Cretaceous and extended until approximately 51 Ma 
(Snoke, 1993). At approximately 81 Ma, the North Atlantic opened and the spreading 
helped cause the Laramide orogeny to develop. The Laramide orogeny was subsequently 
superimposed on the Sevier foreland basin (Gries et al., 1992). During the Cretaceous, 
relief developed at the western collision margin and foreland subsidence began to 
develop adjacent to the Cordilleran Sevier orogenic belt (Cross, 1986). The Western 
Interior Seaway repeatedly occupied this foreland basin. A foreland basin is a succession 
of sedimentary rocks deposited in a cratonic region adjacent to an active orogenic belt 
(Dickinson, 1974). The primary cause of the Western Interior Seaway was the 
development of an extensive, elongate foreland thrust belt in the North American 
Cordillera (Jordan, 1981). The seaway was bounded to the west by the Cordilleran 
highland and to the east by the Canadian Shield. The epicontinental seaway was the 
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favorable site for sediment to accumulate, whereas the Cordilleran highland was the main 
provenance for terrigenous sediment shed to the east (Snoke, 1993).   
During the Cretaceous, the Wyoming area was part of a foreland basin that 
formed east of the Sevier orogenic overthrust belt (Cross, 1986). In this epicontinental 
seaway, the Lewis Shale was deposited (Perman, 1990) (Figure 2.8). The epicontinental 
seaway of the Western Interior Seaway might have been invaded from the Gulf of 
Mexico, the Arctic Ocean, or from both directions. At its maximum development, it was 
more than 3,750 mi (6,000 km) long, stretching from the Arctic Ocean to the Gulf of 
Mexico and up to 1,000 mi (1,600) km wide, extending from westernmost Ontario to 
central British Columbia. In excess of 18,000 ft (6 km) of sediment was deposited along 
the western margin of the basin during its evolution from the Middle Jurassic to the 
middle Tertiary (Dickinson, 1974). 
The epicontinental seaway was separated from the Pacific Ocean by Cordilleran 
highlands. Throughout the late Cretaceous, the Cordilleran highlands, which extended 
from Mexico through central Arizona, western Utah, and western Montana into Canada, 










Figure 2.8. The red box shows the approximate location of study area within the Western 








Figure 2.9. The Cordilleran highlands extending from Mexico through central Arizona, 
western Utah, and western Montana into Canada, contributed sediment shed eastward 
into the basin. Note the embayment located in the northern part of study area. In  
this area, the Lost Soldier anticline became active during the Lower Maastrichtian. (After 
McGookey et al., 1972). 
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2.3.2 Local Tectonics                         
 The study area is part of the Greater Green River basin, a product of horizontal 
compression and fragmentation of the craton that occurred during the Laramide orogeny 
(Baars et al., 1988). During the Upper Cretaceous, many stratigraphic units were 
deposited in south-central Wyoming. Upper Cretaceous rocks were deformed in a series 
of intermontane basins that formed during the Laramide Orogeny. Individual basins 
influenced sedimentation during the Late Cretaceous (Weimer, 1960). The Laramide 
Orogeny is responsible for most of the major structural elements in the region (Baars et 
al., 1988).  
According to Gries et al. (1992), the first trend of the earliest Laramide orogeny 
was north-south, essentially parallel to the Sevier belt. The trend was the result of west-
east compression. The Rock Springs uplift, the Wind River uplift, the Moxa Arch, and 
the Washakie trend are examples of places where such compression occurred. During the 
Paleocene, the second compression of the Laramide orogeny took place in the Rocky 
Mountain region (Gries et al., 1992). The second trend of the Laramide orogeny was 
northwest -southeast due to compression in a northeast-southwest direction. The Big 
Horn uplift, the Beartooth uplift, and the Casper arch are places where this compression 
occurred. During the Eocene, the third trend involved north-south compression that 
caused northward and southward thrusting on the flanks of east-west trending uplift 
(Gries, 1983). The White River uplift, the Granite Mountains, and thrusting on the south 
flank of the Wind River uplift are places where this compression occurred.   
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Some major movements and paleostructural highs in south-central Wyoming, 
such as the Wind River Mountains, Rawlins uplift, Sierra Madre uplift, Rock Springs 
uplift, Cherokee arch, and Wamsutter arch may have had an effect on deposition of the 
Lewis Shale (Pyles, 2000; Hamzah, 2001). The Wind River Mountains and Rawlins 
uplift may have been active during the Maastrichtian (Steidtmann et al., 1986) and the 
Rock Springs uplift may have been active as early as the Campanian (Gries, 1983). 
 Locally, the Lost Soldier anticline, located to the northeast of the Great Divide 
basin, was uplifted during the early Campanian and Maastrichtian (Reynolds, 1976). The 
structure developed during the Campanian (Late Cretaceous), as suggested by marked 
south-to-north thinning of the Lewis Shale onto the Steele Shale (Figure 2.10). Other 
evidence of contemporaneous uplift during deposition of the Lewis Shale includes facies 
changes with onlap patterns in the lower part of the Lewis Shale and truncation of the 
Mesaverde Group (Reynolds, 1976).     
The Wamsutter arch is another local anticline developed in the study area. The 
structure, which has east-west trend, is a broad, easterly projection of the Rock Springs 
uplift. The Wamsutter arch plunges toward, but does not connect to the Rawlins and 
Sierra Madre uplifts of south central Wyoming. The structure is considered to be the 
structural element that separates the Great Divide and Washakie basins (Ritzma, 1963). 
This structure, which was first noted by Gow (1950), and discussed later by Ritzma 
(1963), is marked throughout its length by: (1) thin or absent latest Cretaceous, 
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Figure 2.10. Cross section shows abrupt truncation of lower part of the Mesaverde Group 
beneath unconformity at the base of the Lewis Shale and south-to-north thinning of the 
Lewis Shale across the ancestral Lost Soldier anticline. (After Reynolds, 1976). The 
location of cross section is labeled in Figure 2.9. 
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and overlap of latest Cretaceous beds by Paleocene beds (i.e., the Fort Union is 
unconformable across the Lance and Lewis), and (3) truncation and overlap of Paleocene 
and older truncated beds by early Eocene beds (the Hiawatha Member of the Wasatch 
Formation overlies  Fort Union, Lance, Lewis, and Upper Mesaverde) (Ritzma, 1968). 
 
2.4. Petroleum Geology 
 Successful hydrocarbon exploration in south-central Wyoming has been mostly in 
Cretaceous reservoirs. These reservoirs include the Lewis Shale, Mesaverde Group, 
Frontier Formation, and Muddy-Dakota Formation. Approximately 85 percent of the total 
gas supply in the Greater Green River basin occurs in these reservoirs (Doelger and 
Barlow, 1997). Gas reserves within the Greater Green River basin have been estimated 
by several investigators (Table 2.1).  
 The Lewis Shale contains a significant underdeveloped gas resource. Although it 
covers an area of 23,000 mi2 (59,146 km2), the Lewis Shale play has the fewest producing 
wells in the Greater Green River basin (Figure 2.11). In terms of past production, as of 
1996, the Lewis Shale had produced only 0.6 Tcf of gas or 6 percent of its 10.7 Tcf gas 
resource. The Lewis Shale has 10.1 Tcf remaining gas supply (0.4 Tcf remaining reserves 
and 9.7 Tcf undiscovered resource) (Table 2.2).  









Kuuskraa                            
(1978) 
91 Recoverable tight gas in place at depths of  
< 12,700 ft. 
Law et al                              
(1989) 
73 Mean estimates of tight gas resources using 
current technology 
National Petroleum 
Council            
(1992) 
56.2 Includes tight gas resources in new plays, 
current technology 
Potential Gas Committee  
(1992) 
44.5 Recoverable resource, includes probable, 
possible, and speculative categories 
Barlow & Haun, Inc          
(1995) 
51.3 Estimates of resources shallower than 
18,000 ft. 





Estimate of tight gas resource defined as 
"established" characterized by favorable 


















Figure 2.11. The graph shows that the Lewis Shale play has the fewest producing wells in 










































































 Although the Lewis Shale has a large volume of remaining gas supply, there is a 
low level of interest compared to other drilling objectives. Many reasons make the Lewis 
Shale a difficult target for gas exploration and production. These reasons include 
complex sandstone geometries, discontinuous sandstones, and poor reservoir quality. 
Sandstone reservoirs in the basins have low porosity due to alteration by deep burial 
cementation and other factors (Spencer, 1985). Gas-bearing sandstone reservoirs 
associated with overpressure can also make the Lewis Shale a difficult target.  
 Most sandstone reservoirs of the Lewis Shale are located in the Red Desert Basin 
and Wamsutter Arch area of the eastern Greater Green River basin (Doelger and Barlow, 
1997). The setting for those production areas is a deep-water environment as submarine 
fans with lobe-shaped geometry (Van Horn and Shannon, 1985; Winn et al., 1987; 
Perman, 1987, 1990; Doelger and Barlow, 1997). These areas include a number of fields 
such as Ten Mile Draw, Patrick Draw, Playa, Lost Creek, Great Divide, Wamsutter Arch, 
Siberia Ridge, Echo Springs, Wild Rose, Standard Draw, Barrel Springs, Fillmore, 
Creston, Table Rock, Stage Stop, Laney Wash, Emigrant Trail, Alkaline Creek, and Twin 
Fork. Further south in the Washakie basin, the geometry of sandstone reservoirs becomes 
more sheet-like. These reservoirs are associated with overpressure (Law et al., 1989). In 
the south, fields include Polar Bar, Dripping Rock, Cepo, Triton, Smith Ranch, West Side 























































2.5 Petroleum System   
 A petroleum system encompasses a pod of active source rocks and all related oil 
and gas and includes all of the essential elements and processes needed for oil and gas 
accumulations to exist (Magoon and Dow, 1994). The presence of hydrocarbons is the 
initial indication of a petroleum system. Four elements and two processes need to be 
present in the correct order for a petroleum accumulation to occur. These four elements 
are source rock, reservoir rock, seal rock, and overburden rock. Two processes of the 
petroleum system, which are very important to be understood, are migration and trapping 
mechanism. A better understanding of each element and each process can help to define 
the petroleum system. Certain beds within the Lewis Shale contribute to the petroleum 
system.  
 
2.5.1 Source Rock 
The first element of a petroleum system is the occurrence of source rocks. Source 
rocks require both sufficient biological productivity to create large quantities of organic 
matter and suitable depositional conditions for its concentration and preservation. Source 
rocks are normally comprised of fine-grained sediment such as shale and shaly siltstone. 
The best potential source rocks often occur in condensed sections where sedimentation is 
restricted to pelagic and hemipelagic particles (Loutit et al., 1988). They are evaluated by 
their carbon richness as total organic carbon (TOC) in weight percent (wt %). They are 
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also evaluated by their hydrocarbon richness as atomic H/C or using Rock-Eval pyrolysis 
as hydrogen index (HI).  
In the study area, it has been suggested that carbonaceous shales in the lower part 
of the Lewis Shale and thick coals of the Mesaverde Group provide excellent 
hydrocarbon source rocks. Thick coals of the Mesaverde Group were suggested as the 
source for gas in the overpressured zone in the Washakie basin (McPeek, 1981). The bed 
in the lower part of the Lewis Shale was named the Asquith marker and was deposited 
during sea level rise associated with the maximum transgression of the Lewis Seaway. 
The Asquith marker is interpreted as the third-order condensed section deposited during 
the Late Cretaceous (Pyles, 2000). It is comprised of black shale that is fissile, organic-
rich, and interbedded with bentonite beds. From several measurements of the Asquith 
marker (Pyles, 2000), this bed contains TOC of 0.68% to 3.15%, which is sufficient for 
hydrocarbon generation. From the Van Krevelen diagram, which is a hydrogen index and 
oxygen index cross plot, the bed contains type II and III kerogens (Pyles, 2000). 
 
2.5.2 Reservoir Rock 
  The second element of the petroleum system is reservoir rocks. Reservoir rocks 
require both good porosity and good permeability. The quality of reservoir rocks is a 
function of both porosity and permeability. Reservoir rocks are normally comprised of 
medium to coarse-grained sediment such as sandy siltstone and sandstone. However, 
reservoir rocks that occur in the study area are low-porosity and low-permeability rocks 
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associated with overpressure. Low porosity and low permeability in reservoir rocks may 
be caused by deep burial cementation (Spencer, 1985). 
  The best potential reservoir rocks often occur associated with prograding 
complexes where sedimentation occurs during a relative fall in sea level. The Dad 
Sandstone member generally serves as the reservoir rock in the Lewis Shale. The Dad 
Sandstone member is comprised of channel and sheet sandstones deposited during sea 
level fall. The depositional system for these sandstones is interpreted to be submarine fan, 
slope, and deltaic deposits.  
 
2.5.3 Seal Rock 
 The third element of the petroleum system is the seal mechanism. While a 
reservoir rock must be permeable, there must also be an impermeable seal above it that 
prevents further upward migration of hydrocarbons. The seal element of the Lewis Shale 
petroleum system is comprised of interbedded shales and bentonites. Zainal (2001) 
observed the presence of good gas shows beneath bentonite markers in the Lewis Shale. 
This suggests that bentonite markers have a good capability as a seal rock. 
The sealing mechanism of the Lewis Shale petroleum system was likely a regional seal 
deposited during a sea level rise. 
 Capillary pressure seals occur in the Washakie basin. Capillary pressure seals are 
created in rocks with very small pore throats and two or more fluid phases. The presence 
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of two or more fluid phases in rock with very small pore throats reduces the effective 
permeability (Meissner, 2000 and Law, 2002). 
 
2.5.4 Overburden Rock 
 The fourth element of the petroleum system is the overburden rock. In the study 
area, the Tertiary rocks act as overburden rocks. The deposition of the Tertiary rocks over 
the Cretaceous and older source rocks can influence the maturation of source rocks. This 
deposition can descend the source rocks into the hydrocarbon-generating window. 
 
2.5.5 Hydrocarbon Generation, Expulsion, and Migration 
 Organic matter accumulated within sediment is buried in the basin by overlying 
sediments. Organic matter then becomes subject to higher temperature and higher 
pressure. Due to changes in temperature and pressure, the original composition of organic 
matter is changed. The changes culminated in the production of liquid and gaseous 
hydrocarbons. Thermal maturity of source rocks can be estimated by constructing cross 
plots of Hydrogen Index (HI) and temperature maximum (Tmax) (Peters, 1986). Based 
on the Van Krevelen diagram, which is hydrogen index and temperature maximum cross 
plot, the Asquith marker samples are thermally mature. The temperatures ranged from 
435 to 447 degrees Celsius. These values are close to the top of the oil window 
(approximately 435-4450 C).  
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 Many of the features of petroleum generation in the source rock are understood, at 
least in principle, but the timing and mechanism of migration are imperfectly known. 
Because migration links the source rock to the reservoir rock, an understanding of the 
migration mechanism is very important. The deeper burial through most of the Tertiary 
can increase temperatures and pressures. With increased temperature, viscosity would 
decrease, further allowing free movement of hydrocarbons.  
 The trap mechanism is also important in a petroleum system. Most traps that 
occur in the Lewis Shale petroleum system are stratigraphic traps. Sandstone bodies that 
pinch out against a paleohigh may create stratigraphic traps. Facies-change traps occur 
when the sandstones were deposited within shale layers, or the sandstones had different 
porosity compared to the surrounding sediments due to shale content. In addition, 
structural traps also occur at Table Rock, Wamsutter, and Cherokee arch.  
 In fact, knowledge of the timing of certain geological events is the key to 
evaluating petroleum prospecting (Jacobson, 1991). An event chart can help to evaluate 
the petroleum system in order to define the critical moment. The critical moment is 
defined as the selected point in time that represents the best situation for generation-
migration-accumulation of most hydrocarbons in the petroleum system. The event chart 
shows the temporal relationship of the rock units, essential elements, processes, 

































































































 Stratigraphic correlation has been used by geoscientists to interpret subsurface 
geology in Wyoming. For this study, the intent of using stratigraphic correlation is to 
identify sandstone distributions and sandstone geometries.  
This chapter discusses the regional subsurface geology of the Lewis Shale by 
using a series of two-dimensional cross sections in the Great Divide and Washakie 
basins. The discussion includes the distribution, geometry, and inferred paleocurrent 
directions of sandstone lobes.  
 
3.2 Previous work 
In the study area, the Lewis Shale has been studied for several years by a number 
of investigators for its stratigraphic complexity and significant gas and oil resources. 
They studied many different aspects. They constructed cross sections across the Great 
Divide and Washakie basins to better understand the depositional history of the Lewis 








Figure 3.1. Map of the Red Desert and Washakie basins shows a series of cross sections 
constructed by Asquith (1970; IJ and KL cross sections), Weimer (1970; EF and GH 
cross sections), and Winn et al. (1985; AB and CD cross sections). After Winn et al. 
(1985). 
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Asquith (1970) interpreted the Lewis Shale to be deposited in shelf, slope, and 
basin environments. He constructed a north-south cross section across the Great Divide 
and Washakie basins and identified a series of southward-prograding clinoforms (Figure 
3.1). The clinoforms were formed by progradation of the Red Desert delta. 
Weimer (1970) constructed two cross sections with a west-east and a northwest-
southeast orientation (Figure 3.1). In his north-south cross section, he identified a series 
of regressive sandstones overlying a basal transgressive shale prograding to the south in 
the Red Desert and Washakie basins. He suggested that the delta initially prograded from 
the north and later from the south. 
Winn et al. (1985) believed that sandstone beds deposited in the center of the 
Lewis sea were associated with high-density turbidite currents. They constructed two 
cross sections across the Red Desert basin (Figure 3.1). A north-south cross section 
shows delta progradation from the northeast. They interpreted that progradation from the 
northeast was related to the structural influence in the Wind River uplift area.  
Perman (1990) constructed a north-south cross section and identified a series of 
southward-prograding clinoforms. However, the depositional environments were 
interpreted differently. She interpreted the depositional environments to be delta plain, 
delta front, and prodelta. The most useful work for this study are by Shannon, Pyles 



























































3.2.1 Cross Sections from Lee Shannon 
 Shannon constructed an unpublished stratigraphic framework using 5 interpreted 
cross sections. Interpreted cross sections are labeled as NS-DD’, NS-2A, NS-2B, WE-15, 
WE-16, and WE-17 (Figure 3.2). For this study, a stratigraphic framework constructed by 
Shannon has been used as a starting point for the regional stratigraphic correlation.  
 In doing stratigraphic correlation, Shannon used two correlation markers, the 
Asquith marker and the Zero marker. The Asquith marker is a condensed section that 
represents the maximum transgression of the Lewis sea (McMillen and Winn, 1991). The 
Asquith marker was used as a datum for cross section NS-DD’. The Zero marker, which 
is a thin bentonite bed deposited before the Asquith marker, was used as a datum for 
cross sections NS-2A, NS-2B, WE-15, WE-16, and WE-17.  
 The Asquith marker exhibits a distinctive high gamma ray log signature. The Zero 
marker exhibits a distinctive low resistivity log signature. Both the Asquith marker and 
the Zero marker can be correlated over the entire study area (Figure 3.3). 
Shannon correlated sandstone intervals using distinctive shales deposited over and 
under sandstone intervals as control markers. From the oldest to the youngest, sandstone 
intervals are informally named the Olive Green Sand, Red Sand, Gold Sand, Orange 
Sand, Dark Green Sand, Dark Red Sand, Yellow Sand, Blue Sand, Brown Sand, Light 














































































































































































































































































































3.2.2 Cross Section from Pyles (2000) 
 Pyles (2000) constructed a stratigraphic framework using a 40 mi (64 km) long 
cross section parallel to the Lewis Shale outcrop in the Rawlins uplift area. The cross 
section has a northeast-southwest orientation (Figure 3.4). He integrated cores, well logs, 
and outcrop data to develop a high frequency stratigraphic framework for the Lewis 
Shale and Fox Hills Formation in the Great Divide and Washakie basins, Wyoming.  
In his stratigraphic framework, he identified clinoforms that prograded to the 
south. This is supported by the average paleocurrent direction measured at outcrops. He 
identified significant surfaces such as flooding surfaces, maximum flooding surfaces, and 
sequence boundaries.  For this study, sequence boundary tops picked by Pyles (2000) 
were transferred onto cross section NS-5. The sequence boundary tops mark the base of 
sandstone lobes developed in the study area. Tie wells in cross section NS-5 and WE-17 
were used to label sandstone lobes recognized in cross section NS-5. Sandstone lobes 
recognized in cross section NS-5 are labeled using Shannon’s color scheme. 
Significant surfaces were used to break up the Lewis Shale into several systems 
tracts. A systems tract is defined as a linkage of contemporaneous depositional systems 
(Brown and Fisher, 1977). In his study area, Pyles (2000) identified the transgressive 
systems tracts, highstand systems tracts, and lowstand systems tracts (Figure 3.5). 
Furthermore, he interpreted that the lowstand systems tract consists of a basin floor fan, a 
slope fan, and a prograding complex. The basin floor fan, which is characterized by the 





Figure 3.4. Map of Pyles’s (2000) cross section. The cross section has a northeast-
southwest orientation and lies parallel to the Lewis Shale outcrop in the Sierra Madre 
uplift area (Pyles, 2000). Crosses indicate location of well logs. Ellipses indicate location 
of measured sections. Arrows indicate average paleocurrent directions measured at 































































































































































































































































































































































3.2.3 Cross Sections from Hamzah (2001) 
 Hamzah (2001) constructed 5 new cross sections across the basins using a number 
of wells from Shannon’s cross sections. She labeled 5 new cross sections as NS-3, NS-4, 
NS-5, WE-1, and WE-2 (Figure 3.2). Cross section NS-5 contains most of the wells that 
Pyles (2000) used in his high-resolution sequence stratigraphic framework. However, she 
used additional wells. Hamzah (2001) used 5 cross sections and 6 interpreted cross 
sections by Shannon to show the subsurface depositional geometry of various sandstone 
lobes in the Great Divide and Washakie basins.  
 In her correlation, Hamzah (2001) used the Asquith marker as a datum. She 
identified 13 sandstone lobes that show a progradational pattern from north to south as 
illustrated in Figure 3.6. She also identified lateral shifts of sandstone lobes deposited in 
the basins as illustrated in Figure 3.7. Sandstone lobes developed in the study area were 
labeled using Shannon’s color scheme. Shannon’s color scheme for sandstone lobes is 
illustrated in Figure 3.8. 
 In order to achieve her objective, Hamzah (2001) constructed isopach maps for 
each sandstone lobe. Isopach maps indicate that the main source for sandstone lobes 
initially came from the northwest and then changed from the northeast (Figure 3.9), west, 
southeast, and southwest. Source direction changes may be caused by the movement of 
local structures such as the Rawlins uplift and the Sierra Madre uplift. The changes of 
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Figure 3.8. Sandstone lobes in the Dad Sandstone member were named using Shannon’s 












































































































































































































































































































































































































































































































3.3 Data Set 
3.3.1 Digital data 
 BP Amoco provided digital logs for 202 wells that penetrated the Lewis Shale 
interval. Those digital logs included gamma ray, resistivity, density, neutron, and some 
sonic logs (Figure 3.13). However, calibration and digitization work had to be applied for 
32 wells that had no digital gamma ray logs. The calibration work was done using Log 
Sleuth and PETRA softwares. Once gamma ray logs were calibrated, gamma ray log 
images were imported into Neuralog software. The digitization was done using Neuralog 
software. 
Among log data used in correlation, only gamma ray and resistivity logs were 
posted on each cross section. The gamma ray log was used to identify correlatable 
features on well logs. The resistivity log was used to identify hydrocarbons in addition to 
do correlations and interpret overpressure zones. The sonic, density and neutron logs, 
where available, were used to interpret overpressure zones.  
 
3.3.2 Cross section dataset 
 A cross section depicts the configuration of many formations, and is usually 
viewed in a vertical plane. The intent of constructing a cross section is to solve structural 
and stratigraphic problems in addition to being used to illustrate subsurface geology. In 
this study, stratigraphic cross-sections are used to solve stratigraphic problems relating to 






























































































By laying out a stratigraphic cross section, the reconstruction of sandstone geometries at 
the time of deposition or shortly thereafter can be obtained. In this study, the datum for 
cross sections is the Asquith marker.  
This study incorporates work by Lee Shannon, Pyles (2000) and Hamzah (2001). 
For this study, the author used the same cross sections as Hamzah (2001). There were 
232 wells and 11 cross sections across the area that were used to construct stratigraphic 
cross sections and hence to build a 3-D geologic model (Figure 3.14). These cross 
sections consist of 5 of Hamzah’s (2001) cross sections and 6 of Lee Shannon’s 
unpublished cross sections. They have two orientations, west-east and north-south. Pyle’s 
(2000) cross-section is the same as Hamzah’s (2001) NS-5 cross section. Hamzah (2001) 
used 246 wells to construct 11 cross sections. 
However, instead of directly using all cross sections, modifications have been 
applied to the cross-sections. Modifications had to be applied to Hamzah’s (2001) cross 
sections because of errors where some correlations failed to tie in a loop. Also, some of 
her sands had to be combined because correlations were difficult or incomplete. After 
adjusting Hamzah’s (2001) correlations, the author created new digital cross sections and 
tops files (Appendix A).  
For this study, sandstone lobes were named using Shannon’s color scheme. From 
the oldest to the youngest, they are informally named the Olive Green Sand, Red Sand, 
Gold Sand, Orange Sand, Dark Green Sand, Dark Red Sand, Yellow Sand, Blue Sand, 






































































































































































 Correlation can be defined as the determination of structural and stratigraphic 
units that are equivalent in time, age, or stratigraphic position (Tearpock, 1990). 
Stratigraphic correlation is a fundamental step in subsurface interpretation. Accurate 
correlations are needed for reliable geologic interpretations. Understanding the 
subsurface depends on a stratigraphic framework based on careful correlation and 
mapping of stratal surfaces.  
Well log data are commonly used to interpret the subsurface geology of an area. 
The data are representative of the subsurface formations intersected by the wellbores. 
They are used instead of core primarily because they are much less expensive and also 
because they are available in a continuous format. They can provide information such as 
lithology, tops of formations, tops of hydrocarbon zones, porosity, permeability, and 
water saturation.  
When performing correlations, the choice of an appropriate marker to use as the 
datum is extremely important. Shale is commonly chosen as a datum for several reasons. 
These reasons include: 
• The clay particles, which make up shales, are deposited over large areas. This 
happens because shales are deposited in low energy environments and commonly 
cover large geographic areas. Therefore the log pattern of shale can be traced over 
long distances.  
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• Sandstone beds are often not a good datum because they commonly show significant 
variation in thickness and character from well to well. They also frequently show 
lateral discontinuity.  
• Resistivities in sandstone beds commonly show different patterns due to variations in 
fluid content.  
For this study, the Asquith marker is used as a datum for correlation. This unit 
consists of a black marine shale deposited during a major transgression that shows 
distinctive characteristics. The shale has high gamma-ray values, more than 200 API 
units, and can be traced over large areas. The Asquith marker has been used as a datum 
by previous workers such as Witton (1999), Pyles (2000), Hamzah (2001), Rahmat 
(2001), Zainal (2001), and Minton (2002). 
Sandstone intervals that have similar log patterns were correlated from well to 
well across the area. Correlation lines connect the top and the base of sandstone intervals. 
Distinctive shale intervals underlying and overlying sandstone intervals were used as 
control markers. Cross sections were used tie wells to test stratigraphic correlations based 
on the looping method.  
 
3.5 Cross Section Interpretation 
 An interpretation was made by using the Asquith marker as a datum for all cross 
sections. Two cross section orientations were used to interpret sandstone distributions. 
Six cross sections with north-south orientations, which were perpendicular to 
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depositional strike, were constructed to identify depositional pattern and sandstone lobe 
continuity. Five cross sections with west-east orientations, which were parallel to 
depositional strike, were constructed to identify lateral continuity of sandstone lobes. 
 
3.5.1 North-South Cross Sections 
 Six cross sections were chosen across the study area. From east to west, they are 
labeled NS-5, NS-3, NS-2B, NS-2A, NS-DD’, and NS-4. They encompass Townships 
from 12N to 22N and Ranges from 90W to 95W (Figure 3.14). The cross sections have a 
north-south orientation roughly perpendicular to depositional strike.  
 Twelve sandstone lobes were recognized on each cross section, except in cross 
sections NS-2A, NS-2B, and NS-5. In cross sections NS-2A, NS-2B, and NS-5, 11 
sandstone lobes were recognized. The Light Blue Sand was not present in cross section 
NS-2A and the Olive Green Sand was not present in cross sections NS-2B and NS-5. 
 The Olive Green Sand and the Red Sand are not widely deposited, and are fairly 
constant in thickness towards the center of the study area. The distribution of these 
sandstones is limited to the north and in the center of the study area. In cross section NS-
4, these sandstones thicken towards the north. The thickest Olive Green Sand recognized 
in cross section NS-4 is 192 ft (64 m). In cross section NS-3, the Red Sand thickens 
toward the north and the thickest Red Sand recognized in the cross section is 191 ft (64 
m). Thickening towards the north for the Olive Green Sand and the Red Sand indicates 
that sediment sources for these sandstones may have come from the north. 
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 The Gold Sand, Orange Sand, Dark Green Sand, Dark Red Sand, Yellow Sand, 
Blue Sand, Brown Sand, Light Green Sand, Purple Sand, and Light Blue Sand are widely 
distributed throughout the study area. These sandstone lobes thin to the north and south. 
They also exhibit clinoform patterns from the north to south, which accompany the Lewis 
Shale progradation and basin fill (Plate 1). 
The general trend of sandstone lobes pinches out toward the north and south of 
the study area and thickens in the center. Sandstone lobes can potentially be reservoirs. 
Reservoirs commonly occur near the toe of prograding clinoforms. Hydrocarbons can be 
trapped by rapid facies changes low permeability siltstones and shales. An interesting 
feature occurs in the southeast of the study area where sandstone lobes pinch out against 
an apparent paleohigh. This phenomenon can only be recognized in cross section NS-3 
(Figure 3.15). Hamzah (2001) discussed this situation. 
 
3.5.2 East-West Cross Sections  
Five cross sections were chosen across the study area. From south to north, they 
are labeled WE-1, WE-15, WE-16, WE-17, and WE-2. They encompass Townships from 
13N to 19N and Ranges from 91W to 100W (Figure 3.14). Cross sections have a west-



























Twelve sandstone lobes were recognized on each cross section, except cross 
sections WE-1 and WE-2. In cross section WE-1, there were only ten sandstone lobes, 
because the Olive Green and Red Sand were not present. In cross section WE-2, the 
Purple Sand and Light Blue Sand were not present.  
The Olive Green Sand and the Red Sand are deposited in the center and north of 
study area. In cross section WE-15, these sandstones thicken in the center and pinch out 
to the west and east of cross section. The thickest Olive Green Sand recognized in cross 
section WE-15 is 12 ft (4 m). The thickest Red Sand recognized in cross section WE-15 
is 15 ft (5 m). In cross section WE-16, the Olive Green and the Red Sand exhibit the 
same phenomena as in cross section WE-15. However, these sandstones in cross section 
WE-16 are thicker than in cross section WE-15. In cross section WE-16, the thickest 
Olive Green Sand is 22 ft (7.3 m) and the Red Sand is 15 ft (5m). Thickening toward the 
north and east for the Olive Green Sand and the Red Sand indicate that sediment sources 
for these sandstones may have come from the north or northeast.  
 The Gold Sand, Orange Sand, Dark Green Sand, Dark Red Sand, Yellow Sand, 
Blue Sand, Brown Sand, Light Green Sand, Purple Sand, and Light Blue Sand are widely 
distributed throughout the study area. These sandstone intervals thin to the west and 
south. Sandstones do not extend out of the basin perimeter. Mostly these sandstone lobes 
thicken in the center and pinch out to the west. They also exhibit laterally shifting. 
The general trend of sandstone lobes gradually pinches out to the west and 
thickens in the center and east of the study area. Sandstone lobes laterally shift and 
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vertically stack where the thickest younger sandstones were deposited above the thinnest 
older sandstone (Plate 2). Interesting features occur in the southeast of the study area 
where sandstone lobes pinch out against an apparent paleohigh. This phenomenon can be 
recognized in cross sections WE-1 and WE-15 (Figures 3.16 and 3.17) and may be 
related to that recognized in cross section NS-3. 
 
3.6 Structure Maps 
 A structure map depicts the horizontal plan view configuration of a specific 
structure of the formation. The purpose of a structure map is to identify high and low 
structural relief. High structural relief is commonly associated with structural traps.  
For this study, structure maps were constructed using formation tops picked in 
each well by the author. In this chapter, the author shows only three structure maps. 
These three structure maps are the top of the Mesaverde, the top of the Asquith marker, 
and the top of the Lewis Shale.  
 
3.6.1 Top of the Mesaverde 
 The structure map on top of the Mesaverde is illustrated in Figure 3.18. The 
structure map exhibits deepening from east to west and northeast. The Wamsutter arch, 
which separates the Great Divide and Washakie basins, is identified in the study area. 
The orientation of the high structural relief is northwest-southeast. The top of the 
Mesaverde is time transgressive, so it is not a true stratigraphic marker. 
Figure 3.16. Cross section WE-1 shows that sandstone lobes may pinch out against a paleohigh toward the east. The color was chosen to match the name of the sand. The well information is listed in Appendix A.
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Yellow Sand Dark Red Sand
Dark Green Sand
Orange Sand Gold Sand
Figure 3.17. Cross section WE-15 shows that sandstone lobes may pinch out against a paleohigh toward the east. The color was chosen to match the name of the sand. The well information is listed in Appendix A.
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3.6.2 Top of the Asquith marker 
 The structure map on the top of the Asquith marker is illustrated in Figure 3.19. 
The structure map also exhibits deepening from east to west and northeast. The 
Wamsutter arch, which separates the Great Divide and Washakie basins, is also identified 
in the study area. The orientation of the Wamsutter arch is slightly shifted from its 
location in Figure 3.18. The Asquith marker is a true stratigraphic marker, and is 
probably not time transgressive. 
 
3.6.3 Top of the Lewis Shale 
 The structure map on the top of the Lewis Shale is illustrated in Figure 3.20. The 
Wamsutter arch, which separates the Great Divide and Washakie basins, is apparent. The 
top of the Lewis Shale is time transgressive, so it is not a true stratigraphic marker. 
 
3.7 Isopach Maps 
An isopach map is a map which shows by means of contour lines the distribution 
and thickness of a specific mapping unit (Bishop, 1960). It illustrates the true 
stratigraphic thickness of a formation. It is used for a number of purposes such as 
depositional environment studies, genetic sand studies, depositional fairway studies, and 
calculation of hydrocarbon volumes (Tearpock, 1990). Sunnetcioglu (2001) used sand 
bodies identified by Witton (1999) and Hamzah (2001) as additional data to interpret 











































































































































































































































For this study, the tops and bases of each sandstone lobe were used to generate isopach 
maps in PETRA. In this study, isopach maps are not the same as net sand isopach maps, 
which represent the total aggregate vertical thickness of porous reservoir quality rock 
present in a particular stratigraphic interval. Isopach maps, which were generated using 
the tops and bases of sandstone lobes, are gross interval thickness maps. Gross interval 
thickness maps include some thin-bedded shales, which occur in each sandstone interval. 
For this study, 12 isopach maps were generated. 
 
3.7.1 Olive Green Sand 
The Olive Green Sand is the oldest sandstone lobe deposited in the Lewis Shale. 
The thickness of the sandstone ranges from 4 to 192 ft (1.3-64 m). The sandstone has a 
lobate geometry with a thickening trend towards the northwest. The sandstone is limited 
in distribution, occurring only in the north-central part of the study area. The sandstone 
pinches out gradually towards the southwest and south. The sandstone pinches out 
abruptly towards the southeast. From the isopach map, the inferred paleocurrent direction 
of the Olive Green Sand is from northwest to southeast (Figure 3.21).  
 
3.7.2 Red Sand 
 The Red Sand is deposited stratigraphically above the Olive Green Sand. The 
thickness of the sandstone ranges from 3 to 196 ft (1-65.3 m). The sandstone thickens to 









































































































central and northeast parts of the study area. The depocenter is shifted to the east of the 
previous sand lobe. The sandstone pinches out gradually toward the southwest and south 
and pinches out abruptly to the southeast. The isopach map indicates that the inferred 
paleocurrent direction for the Red Sand is from northeast to southwest (Figure 3.22). 
 
3.7.3 Gold Sand 
The Gold Sand is deposited over the Red Sand. This sandstone lobe is thicker 
than the older sandstone lobes. The thickness of the sandstone ranges from 4 to 218 ft 
(1.3-72.7 m) with a thickening trend toward the northeast. The depocenter is shifted to 
the south and west compared to the previous sand lobe. The sandstone exhibits a lobate 
geometry and pinches out toward the south, southwest, and west. The isopach map 
indicates that the inferred paleocurrent direction is from northeast to southwest (Figure 
3.23). 
 
3.7.4 Orange Sand 
 The Orange Sand is deposited over the Gold Sand. The thickness of the sandstone 
ranges from 7 to 349 ft (2.3-116.3 m). The depocenter is shifted towards the west of the 
previous sand lobe. The sandstone exhibits a distinct lobate geometry toward the 
southeast with a pinching out trend to the southwest, south, southeast and northeast. The 










































































































































































































































































































3.7.5 Dark Green Sand 
 The Dark Green Sand is deposited stratigraphically above the Orange Sand. The 
thickness of the sandstone ranges from 5 to 180 ft (1.7-60 m). The depocenter is shifted 
to the south of the previous sand lobe. The sandstone exhibits a distinct lobate geometry 
toward the southwest and pinches out abruptly toward the southeast. The sandstone 
pinches out gradually toward the southwest and south. The isopach map indicates that the 
inferred paleocurrent direction is from north to south (Figure 3.25). 
 
3.7.6 Dark Red Sand 
The Dark Red Sand is deposited over the Dark Green Sand. The thickness of the 
sandstone ranges from 2 to 122 ft (0.7-40.7 m) with a thickening trend toward the 
northwest. The depocenter is shifted to the west of the previous sand lobe. The sandstone 
exhibits a lobate geometry and pinches out gradually toward the south and southwest. 
The isopach map indicates that the inferred paleocurrent direction is from northwest to 
southeast (Figure 3.26). 
 
3.7.7 Yellow Sand 
The Yellow Sand is deposited over the Dark Red Sand. The sandstone is limited 
in distribution, occurring only in the center of the study area. The depocenter is shifted to 
the west of the previous sand. The thickness of the sandstone ranges from 9 to 171 ft (3-









































































































































































































The isopach map indicates that the inferred paleocurrent direction is from northwest to 
southeast (Figure 3.27). 
 
3.7.8 Blue Sand 
 The Blue Sand is deposited stratigraphically above the Yellow Sand. The 
sandstone covers most of the south and center of the study area. The thickness of the Blue 
Sand ranges from 24 to 238 ft (8-79.3 m). The depocenter is shifted to the south and east 
of the previous sand lobe. The Blue Sand looks like two separate sands in the isopach 
map. In cross section, it looks like a continuous sandstone interval with thinning in the 
middle. The inferred paleocurrent direction for the Blue Sand is uncertain (Figure 3.28). 
 
3.7.9 Brown Sand 
The Brown sand is deposited over the Blue Sand. The sandstone is limited in 
distribution, occurring only in the eastern part of the study area. The thickness of the 
sandstone ranges from 9 to 162 ft (3-54 m). The depocenter is shifted to the south of the 
previous sand lobe. From the isopach map, the inferred paleocurrent direction of the 


































































































































































































































































































3.7.10 Light Green Sand 
 The Light Green Sand is deposited over the Brown Sand. The sandstone is 
deposited in the eastern part of the study area. The thickness of the sandstone ranges from 
32 to 242 ft (10.7-80.7 m) with a thickening trend towards the east. The sandstone 
exhibits a distinct lobate geometry towards the southwest with a gradually thinning trend 
to the west. The depocenter is shifted to the northeast of the previous sand lobe. The 
isopach map indicates that the inferred paleocurrent direction is from northeast to 
southwest (Figure 3.30). 
 
3.7.11 Purple Sand 
 The Purple Sand is deposited over the Light Green Sand. The sandstone occurs 
only in the southeast part of the study area. The thickness of the sandstone ranges from 
25 to 165 ft (8.3-55 m). The depocenter is shifted to the east of the previous sand lobe. 
The sandstone exhibits a divergent lobate geometry, with one lobe to the northwest and 
another lobe to the southwest. The isopach map indicates that the inferred paleocurrent 
direction is from east to west (Figure 3.31). 
 
3.7.12 Light Blue Sand 
 The Light Blue Sand is the youngest sandstone lobe mapped in the Lewis Shale 
interval. The thickness of the sandstone ranges from 10 to 254 ft (3.3-84.7 m). The 










































































































































































































in the southeast part of the study area. The inferred paleocurrent direction for the Light 




 Based on stratigraphic correlation, the Lewis Shale thickens to the south and east 
within the study area. Generally the thickness of sandstone lobes within the Lewis Shale 
decreases across the study area from north to south and from east to west. Two interesting 
features were recognized by using two cross section orientations. The north-south cross 
sections generally exhibit a progradational pattern of sandstone lobes from north to south. 
The east-west cross sections generally exhibit laterally shifting and vertical stacking of 
sandstone lobes. Laterally shift of sandstone lobes is shown by the deposition of the 
thickest younger sandstone overlying the thinnest older sandstone as a consequence of a 
compensational style of deposition. 
 Three structure maps constructed in the study area exhibit deepening from the east 
to west and northeast of the study area. The Wamsutter arch, which separates the Great 
Divide and Washakie basins, is also identified in the north-center of the study area. The 
approximate orientation of the high structure is northwest-southeast. The timing of the 
structure with respect to Lewis Shale deposition is uncertain. However, isopach maps 


























































































 Isopach maps indicate that the older sandstone lobes occur in the north and 
middle parts of the study area, whereas the younger sandstone lobes occur in the south 
and southeast parts of the study area.  
Isopach maps constructed in this study are basically identical to the isopach maps 
constructed by Hamzah (2001). Hamzah (2001) identified 13 sandstone lobes in the 
Lewis Shale, whereas the author identified 12 sandstone lobes. The reason is because the 
author combined some of her sands. Those sands are the Pink Sand and the Light Green 
Sand. The Pink Sand and the Light Green Sand had to be combined because they were 
difficult to correlate and they were merged in some areas.  
From the Olive Green Sand to the Dark Red Sand, isopach maps constructed by 
Hamzah (2001) and isopach maps constructed by the author are essentially identical. 
However, some differences exist from the Yellow Sand to the Light Blue Sand. The 
Yellow Sand was interpreted differently from Hamzah (2001). The reason the Yellow 
Sand was interpreted differently is because Hamzah’s (2001) correlations did not tie in a 
loop. The author interpreted the Blue Sand crossing R96W (Figure 3.28), while Hamzah 
(2001) interpreted the Blue Sand as being pinched out in R96W. Hamzah (2001) 
interpreted the Brown Sand across the study area, from Ranges 92 to 98 west, while the 
author interpreted the Brown Sand to be pinched out in R96W. The Pink Sand and the 
Light Green Sand were interpreted differently because the author combined those sands. 
The author interpreted the Light Blue Sand differently because Hamzah’s (2001) 
correlations did not tie in a loop. 
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Isopach maps constructed in the study area for different sandstone lobes indicate 
changes in the inferred paleocurrent directions. The older sandstone lobes such as the 
Olive Green Sand, Red Sand, Gold Sand, Orange Sand, Dark Green Sand, Dark Red 
Sand, and Yellow Sand are interpreted to be entering the depositional area from the 
northeast and northwest of the study area. The inferred paleocurrent direction for the Blue 
Sand is uncertain. However, the sandstone pinches out toward the south and north of the 
study area. This may indicate that the inferred paleocurrent direction is from the east of 
the study area. After deposition of the Blue Sand, a dramatic shift in inferred paleocurrent 
direction is shown by the Brown Sand. The Brown Sand is interpreted to be entering from 
the southwest of the study area. After deposition of the Brown Sand, different source 
directions are identified in the deposition of the younger sandstone lobes. The Light 
Green Sand, which was deposited above the Brown Sand, is interpreted to be entering 
from the northeast of the study area. The inferred paleocurrent direction of the Purple 
Sand looks like the inferred paleocurrent direction of the Light Green Sand. However, the 
deposition trend of the Purple Sand is more along an west-east. The Light Blue Sand, 
which was the youngest sandstone lobe, has an uncertain inferred paleocurrent direction.  
Changes in the inferred paleocurrent direction can be caused by tectonic, 
sedimentologic, or a combination of tectonic and sedimentologic changes. Changes in the 
inferred paleocurrent direction due to tectonics may be related to the development of the 
structural highs in the study area such as the Rawlins uplift, Sierra Madre uplift, 
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Cherokee Ridge, and Wamsutter arch. Changes in the inferred paleocurrent direction due 
to sedimentologic differences may be more related to delta avulsion. 
The depositional environment is interpreted using gamma ray log responses. The 
well log signatures across the study area vary, suggesting that facies changes occur. 
Galloway and Hobday (1996) interpreted typical log signatures for various depositional 
environments (Figure 3.33). These depositional environments cover incised channel, 
leveed channel, channel/lobe complex, and distal lobe.  
 The incised channel is located in the upper slope with possible slumping and 
debris flow deposits. The leveed channel is located in the lower slope and is identified as 
having thick blocky well log signatures in the core of channels. The channel/lobe 
complex is located in the basin and is commonly associated with interbedded continuous 
sheet sands and shales. In the core of lobes, the gamma ray log signatures exhibit abrupt 
juxtaposition of a “blocky” log pattern over a high gamma ray signature typical of 
hemipelagic shales. A “blocky” log pattern with flat-based sandstone or siltstone 
indicates that the base of sandstone might be associated with a sequence boundary 
(Mulholland, 1990; Emery, 1996). The distal lobe is commonly associated with hemi-
pelagic deposits. “Ratty” log signatures are typical for distal lobe deposits. 
By observing log responses, the depositional environments are interpreted to be 
leveed channel, channel/lobe complex, and distal lobe.  This interpretation is supported 
by observing log responses in cross section NS-2A, which is a cross section along 
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 Overpressures have always been an important issue in hydrocarbon exploration. 
Hydrocarbon accumulations are commonly found in basins associated with 
overpressures. Specific exploration and development strategies need to be applied in 
drilling overpressure zones. Overpressure can occur in a wide range of geographic and 
geologic conditions that can make it difficult to determine the causes of overpressure.  
 
4.2 Overpressure Mechanisms 
 Overpressure in sedimentary basins can potentially be generated from several 
mechanisms. The two mechanisms that will be discussed are the stress-related 
overpressure and the fluid-volume increase mechanisms.  
 
4.2.1 Stress-Related Overpressure 
This mechanism is divided into vertical stress-related overpressure and 
lateral/horizontal stress-related overpressure. The vertical stress-related overpressure is 
normally associated with overburden stress, which is a function of the thickness of the 
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overlying sediments, density, and gravity (Swarbrick and Osborne, 1998). The 
lateral/horizontal stress-related overpressure is normally associated with tectonism. 
 
4.2.1.1 Vertical Stress-Related Overpressure 
In sedimentary basins, vertical stress is commonly associated with sediment 
loading. As the vertical stress increases due to loading of sediment during burial, rocks 
compact and pore volume decreases (Bradley, 1975). The decrease in pore volume results 
in the expulsion of the formation fluids (Plumley, 1980). An increase in vertical stress 
can cause incomplete dewatering of the sediment during burial. Under conditions of slow 
burial, the equilibrium between vertical stress and the reduction of pore volume can be 
maintained. However, under conditions of rapid burial, the sedimentation rate is greater 
than the reduction rate of pore volume. If this condition occurs, some of the fluids cannot 
be expelled fast enough. This leads to disequilibrium compaction where the pressure of 
the pore fluids increases to a value greater than hydrostatic. This mechanism mostly 
occurs in rapid burial and low permeability rocks where the fluids cannot easily be 
squeezed out of the formations. Not only lateral variability in permeability of a 
sedimentary rock controls overpressure, but also vertical variability in permeability. 
In conclusion, the main controls on overpressure from disequilibrium compaction 
are the rate of sediment loading, the rate of fluid expulsion, and permeability of the 
formations. Overpressure zones are commonly found in low permeability formations 
associated with high sedimentation rate. 
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4.2.1.2 Lateral/Horizontal Stress-Related Overpressure 
An alternative method for overpressure generation is related to horizontal 
compression. This lateral/horizontal stress is commonly associated with tectonic 
compression. The favorable areas that are usually associated with horizontal/lateral 
tectonic compression are areas of thrust faulting and folding (Swarbrick et al., 2002). It 
has been reported that overpressure due to lateral stress mostly occurs along major fault 
zones, both within the fault and in the adjacent porous wall rock (Byerlee, 1993). If 
overpressure occurs associated with a thrust fault, it is usually characteristic of 
accretionary sedimentary prisms, where horizontal compression coupled with loading and 
underplating is caused by subduction (Davis et al., 1983). The effect of horizontal 
tectonic compression is relatively small in passive continental margin and intracratonic 
areas. However, horizontal tectonic compression may also contribute to overpressure in 
undeformed sedimentary sequences. 
In conclusion, areas close to an accretionary belt where the horizontal stresses are 
relatively intense are the areas that could generate overpressure. Areas far from 
accretionary belts are unlikely to generate overpressure. The main control on 




4.2.2 Fluid Volume Increase 
There are a number of mechanisms that can generate overpressure due to fluid 
volume increase. Those mechanisms include aquathermal expansion, mineral 
transformation, and hydrocarbon generation (Swarbrick et al., 2002). 
 
4.2.2.1 Aquathermal Expansion 
The basic principle for this mechanism is the volume expansion of water due to 
increasing temperature during burial. This condition may happen if the environment is 
completely isolated so that the pressure can rapidly increase. However, aquathermal 
expansion may not be significant if the environment has a gradual transition zone, which 
indicates the environment does not have an effective hydraulic seal (Swarbrick and 
Osborne, 1998).  
In conclusion, the development of aquathermal expansion depends on the 
condition of the environment, permeability distribution, and temperature during burial. 
 
4.2.2.2 Mineral Transformation 
Mineral transformation mechanisms are commonly associated with the 
dehydration of clay minerals such as smectite and illite. Smectite has the ability to adsorb 
water. It can be dehydrated at shallow depth during burial. At increased depth, smectite 
alters chemically by addition of Al and K and the release of Na, Ca, Mg, Fe, Si ions, and 
water. This process leads to the development of illite (Swarbrick and Osborne, 1998). 
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The transformation from smectite to illite makes the smectite clay framework collapse 
and release the bound water (Freed and Peacor, 1989). If the low-permeability rocks 
retain the fluids, overpressure can be generated. The release of silica is another effect of 
the transformation from smectite to illite (Foster and Custard, 1980). This diagenetic 
silica can reduce the permeability of the rock and create the overpressure zones.   
In conclusion, the transformation of clay minerals from smectite to illite 
potentially increases the fluid volume. Reduction of permeability by diagenetic minerals 
may also contribute to the development of overpressure.  
 
4.2.2.3 Hydrocarbon Generation 
Organic matter accumulated within sediment is buried in a basin by overlying 
sediments. Due to changes in temperature and pressure during burial, the original 
composition of organic matter changes. The changes include the generation of liquid and 
gaseous hydrocarbons. As organic matter becomes mature, these two processes involve 
volume changes. The first process involves kerogen maturation to produce hydrocarbons. 
The second process is the creation of porosity as a result of hydrocarbon generation. Pore 
volume increases as the kerogen transforms to liquids and gases. This process is 
illustrated in Figure 4.1. The transformation of kerogen to liquids and gases reduces the 
solid fraction of organic matter. The solid fraction is transformed to liquid hydrocarbons 
and then dry gas as the temperature increases. During gas generation, the volume change 
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Figure 4.1. Volume changes as a consequence of hydrocarbon generation. The 
changes are caused by the transformation of kerogen to liquids and gases. 




In conclusion, the transformation of kerogen to liquids and gases is the process 
that creates porosity and increases fluid volume. Hydrocarbon generation processes must 
consider not only the increase in fluid volume but also the increase in porosity. If the 
increase in fluid volume is greater than the increase in pore volume, the process can 
generate overpressure. 
 
4.3 Data  
Two types of data were used to interpret the top of overpressure. The first method 
uses conventional information such as pressure, mud weight, and total gas from mud log 
data. Conventional data have been used for many years. Mud weight and total gas from 
mud log data are the only available information that help interpret overpressure during 
drilling activity. Problems with using such data exist because of: (1) the lack of 
continuous data, (2) the difficulty of providing real-time data, and (3) additional cost due 
to additional mud logging and rig time.   
 The second data type uses well logs. Many studies have shown that resistivity and 
sonic logs are good tools to detect overpressure zones. Commonly, overpressure zones 
show distinctive patterns in resistivity and sonic logs. It has been observed that 
overpressure zones characteristically show lower resistivity and greater transit time than 
normal pressure zones. For this study, the author primarily used well log data to interpret 
















































































































4.4 Overpressure Interpretation 
 Overpressure prediction has been done using mud weight and total gas comes 
from mud log data. Mud weight and total gas comes from mud log data are used to 
interpret overpressure because logging while drilling is not widely used in the Rocky 
Mountains. Basically, the overpressure has a higher-pressure gradient than the normal 
pressure (Figure 4.3). In a normal pressure area, the pressure gradient is commonly about 
0.43 psi/ft. Pressure gradients greater than 0.55 psi/ft are considered to be overpressured 
(Spencer, 1994). In the Great Divide and Washakie basins, the pressure gradients range 
from 0.5 to 0.64 psi/ft (McPeek, 1981).  
Abrupt increases in mud weight may indicate overpressure. Total gas comes from 
mud log data can also be used to interpret overpressure. In overpressure areas, the total 
gas values come from mud log are usually high. However, this depends on the mud 
weight. Heavier mud weights cause lower total gas data readings to be recorded. An 
example from a well drilled in the Piceance basin shows high total gas units from mud 
log and abrupt increases in mud weight in an overpressure zone (Figure 4.4).  
The limited amount of conventional data led the author to use wireline log data. 
Typically, a decreasing resistivity gradient with depth indicates a zone of rapidly 
increasing pressures. Low resistivity may be caused by good connectivity in the water 
phase. As the pressure increases, the microfractures start to develop. The development of 
microfractures reduces tortuosity and creates good connectivity in the water phase. The 
































Figure 4.3. Pressure vs. depth plot. Rocks with pressure between hydrostatic and 
lithostatic (red dot area) are termed “overpressured” and those with pressures less than 
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Figure 4.4. An example from the Barrett Resources Corporation Rulison No. 1 Deep well 
shows abrupt increases in mud weight associated with gas kicks come from mud log in an 
overpressure zone. (Wilson et al., 1998). 
 112
In sonic logs, overpressure commonly shows an increase in transit time (Surdam 
et al., 1995) (Figure 4.5). Due to loading of the sediment during burial, rocks compact 
and pore volume decreases. This condition only occurs during normal compaction. 
However, an increase in vertical stress can also cause incomplete dewatering of the 
sediment during burial. If this happens, the fluids cannot easily be squeezed out of the 
formation. As a consequence of this condition, the sonic log records higher transit time 
than in a normal pressure zone due to the presence of water, porosity, and good 
connectivity in the water phase. 
In conclusion, sonic and resistivity logs can be good tools to interpret 
overpressure zones. Sonic and resisitivity logs relate to the pore fluid. The resistivity log 
is a good tool to detect increased fluid connectivity due to microfractures. The sonic log 
is a good tool to detect reduced sonic transport velocity in an overpressure zone.  
However, the anomalies that occur in sonic logs may also be affected by different 
processes such as mineral transformation from smectite to illite. This transformation 
process can also create secondary porosity and influence the sonic log readings. The 
anomalies in resistivity may be incorrect if the generation of overpressure is caused by 
different processes such as gas generation. This process causes anomalies in the 
resistivity log readings that range from low resistivities to high resistivities. However, the 
combination of these two logs with conventional data such as pressure, mud weight, and 
total gas data give the best interpretation of the occurrence of overpressure zones. 




Figure 4.5. Plot of velocity versus depth for the Unit #6 well (T17N-R99W-Sec.14) 
exhibits increasing transit time in sonic logs, which indicates the occurrence of 
overpressure. (Surdam et al., 1995). 
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4.5 Overpressure Generation in the Great Divide and Washakie basins 
In the study area, the thick coals of the Mesaverde Group have been suggested to 
be excellent hydrocarbon source rocks. The conversion of coal to natural gas can account 
for the abnormally high pressures (McPeek, 1981). Well data show that the coals of the 
Mesaverde Group can be responsible for generating the overpressure (Spencer, 1987) 
(Figure 4.6). Based on well data, hydrocarbon generation may be one of the most 
potentially effective mechanisms for generating high fluid pressures in the study area 
(Spencer, 1987). The gradients of pressure data, which are taken from overpressure zones 
in the Washakie basin, indicate that overpressure is generated from hydrocarbon 
generation. It is further proved by recovering gas from overpressure zones in the 
Washakie basin (Meissner, 2002, personal communication). 
Overpressure produced by hydrocarbon generation is the primary motivating 
force causing primary expulsion from source rocks to conventional reservoir rocks. Due 
to extremely high pressures that occur during the overpressure process, these 
overpressures may cause hydraulic fracturing of source rocks. Where the pore pressure 
from time to time exceeds the fracture gradient, the seal can leak and create an alternative 
migration path for hydrocarbons. In this case, the hydrocarbons are lost through the seal 
rather than the spill point. The overpressure process may also create fractures that 
propagate upward or downward from source rocks. This process controls vertical 
migration and charges the reservoirs above through the impermeable strata (Meissner, 






Figure 4.6. Pressure profile for wells in the Pacific Creek area indicates the overpressure 
in the Mesaverde Group. The profile is generated using extrapolated DST, mud weight 
pressures, gas shows, and drilling-time data. (Spencer, 1987).  
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Based on data from several wells, overpressures that occur in basins are 
associated with gas-bearing reservoirs (Law, 1984). These gas-bearing reservoirs 
accumulate in the center of the basins. Typically, basin-centered gas accumulations are 
regionally gas saturated, abnormally pressured, lack a downdip water contact, and they 
have low-permeability reservoirs (Law, 2002). In a petroleum system, there are two types 
of basin-centered gas systems: a direct type and an indirect type (Law, 2000). These two 
types of basin-centered gas systems are distinguished based on the source rock quality. A 
direct type has a gas-prone source rock and an indirect type has an oil-prone source rock. 
The attributes for a direct type and an indirect type are described in Table 4.1.  
  The Lewis Shale petroleum system has humic-type coal beds and carbonaceous 
shale that can act as source rocks. Organic matter is largely type III kerogen, which 
indicates a gas-prone source rock (Law, 1984). It means that the Lewis Shale is a good 
candidate for a direct type basin-centered gas system (Law, 2002). 
In a direct system, gas begins to enter water-wet sandstones as gas generation 
increases and the migration process starts to develop. As a result, generated gas 
accumulates in the pore system and the capillary pressure of the water-wet pores is 
exceeded. The water is then expelled from the pore system. The presence of two or more 
fluid phases in small pore throats can create capillary pressure seals. As a result, the 
effective permeability reduces. Because these sandstone reservoirs have low permeability 
and the rate of gas generation and accumulation is greater that the rate of gas lost, 
















































An example from a well drilled in the Washakie basin shows the total gas comes 
from mud log is over 10,000 units in an overpressure zone (Figure 4.7). Data from a well 
drilled in the Washakie basin also confirms that abrupt increases in mud weight can be 
used to detect overpressure (Figure 4.8). This suggests that the overpressures are caused 
by the generation of gas associated with low permeability rocks. In these low 
permeability rocks, gas accumulation rates are higher than rates of gas loss (Law and 
Dickinson, 1985).  
In order to best characterize the overpressure zone, the author used several data 
sets including the sonic and resistivity logs in addition to total gas comes from mud log 
and mud weight data. The top of overpressure was characterized by low sonic velocity or 
high transit time and high resistivity readings (Figure 4.9). Typically, a marked decrease 
in velocity or increase in transit time is interpreted as indicating lower effective rock 
stress and, hence, overpressure (Surdam, 1997). Low sonic velocity or high transit time 
readings may be caused by the replacement of higher velocity pore water with lower 
velocity hydrocarbons. It may also be caused by secondary porosity development or lack 
of compaction. Resistivity increases may be caused by the replacement of conductive 
pore water with non-conductive hydrocarbons. Because the overpressure characterized by 
low sonic velocity or high transit time and high resistivity can be found in most wells 
drilled in the study area, it indicates that overpressure zones are gas saturated on a 

























@ 9,510 ft  
Figure 4.7. The red line indicates that the top of overpressure occurs at a depth of 9,510 ft 
as indicated by a rapid increase in total gas comes from mud log from 600 to 1900 units. 
The total gas curve is taken from the Frewen Unit 9 well (T19N-R95W-Sec. 1 SW NW) 
in the Wamsutter field. 
 120
 

























@ 11,400 ft 
Figure 4.8. The red line indicates that the top of overpressure occurs at depth of 11,400 ft 
as indicated by an abrupt increase in mud weight from 8.8 to 10.5 pounds per gallon. The 
mud weight curve is taken from the Champlin 273 Amoco A1 well (T16N-R98W-Sec. 29 



























































Figure 4.9. An example from the Frewen Deep #1 well (T19N-R95W-Sec. 30 SW NE 
SE) in the Frewen field shows that high transit time in the sonic log and high resistivity 
indicate the top of overpressure. 
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Overpressure zones in the Great Divide and Washakie basins occurred 
approximately in the center of study area. They show a relatively northeast-southwest 
orientation (Figures 4.10 and 4.11). The tops of overpressure in the study area are varied. 
They start at depths around 6,300 ft (2,100 m) measured depth (MD) on the basin margin 
and around 10,500 ft (3,500 m) MD in the center of the Washakie basin. The tops of 
overpressure do not follow a specific stratigraphic horizon (Figures 4.12 and 4.13). The 
tops of overpressure are listed in Appendix B. The bottom of overpressure can not be 
interpreted because no wells penetrated the bottom of overpressure.  
 
4.6 Discussion 
It is important to note that the sonic log anomalies do not always correspond to 
the top of overpressure. It can be seen in several areas that the sonic log anomalies 
sometimes occur above the top of overpressure (Figure 4.14). These sonic anomalies are 
likely related to the mineral transformations that occur in the study area, as interpreted by 
Surdam et al. (1995). Surdam et al. (1995) showed that the percentage of illite in mixed 
layer illite/smectite increases with depth in the Washakie basin. The depth of the mineral 
transformation from smectite to illite commonly occurs at 7,000-8,000 ft (2,333-2,667 m) 
measured depth (Figure 4.15). However, the mud weight data or total gas data, which 
comes from mud logs confirms that overpressure sometimes occurs below the depth 
where mineral transformation occurs (Figure 4.16). Overpressure is also characterized by 
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Figure 4.14. An example from the Windmill Draw #2 well (15N-94W-Sec.30) in the 





Figure 4.15. Percent illite in mixed-layer illite/smectite (I/S) clays increases with depth in 
the Lewis Shale, Washakie basin. The mineral transformation occurs approximately at 
the depth of 7,000-8,000 ft (2,333-2,667 m) measured depth. (Surdam et al., 1995).  
 129
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            










































































at 9,625 ft 
Figure 4.16. An example from the Frewen Deep #1 well (T19N-R95W-Sec. 30 SW NE 
SE) in the Frewen field shows that an increase in mud weight coincides with high transit 
time in the sonic log and high resistivity, which indicates the top of overpressure. 
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 The map of the top of overpressure in measured depth (Figure 4.10) was chosen 
as the comparison to the potentiometric surface map for the upper part of the Mesaverde 
Group generated by Tyler et al. (1994). The top of overpressure map generated by this 
study and the potentiometric surface map generated by Tyler et al. (1994) show identical 
patterns. Both maps show a northeast-southwest trend, with the deeper part in the 
southwest and northeast of the study area. The tops of overpressure range from 9,000 to 
10,000 ft (3,000-3,300 m) in the basin center (Figure 4.17). However, some differences 
occur at the basin margins. The differences exist at the basin margins because this study 
has more control wells.  
It has been suggested that the top of overpressure map coincide with the top of the 
gas-saturated zone (Doelger and Morton, 1996). The outline of the gas-saturated zone is 
indicated by the isoresistivity contour of 60 ohm-m (Figure 4.18). The gas-saturated zone 













Figure 4.17. Potentiometric surface map for the upper part of the Mesaverde Group 
generated by Tyler et al. (1994). The area of overpressure is shown in purple. The 
approximate boundary between basinward flow and overpressure is delineated by the red 
dashed line. The top of overpressure is contoured in measured depth with contour interval 










































































































3-D GEOLOGIC MODEL 
 
5.1 Introduction 
Recent developments have led to an abundance of sophisticated images of 
subsurface geology. The use of a 3-D geologic model represents the most promising 
prospect for applying computer technology in subsurface studies. Developments in 3-D 
geologic modeling can be summarized as follows: 
 Increased speed  
By using a 3-D geologic model, the computing speed can be increased and critical 
time frames can be minimized. If these time frames are not achieved, the model needs 
to be modified. It means model building iterations must only take minutes to be 
effective.  
 Usability  
As people have different subsurface interpretations, a 3-D geologic model can 
help people to review modeling results. They can use their expertise and data to alter 
the model as they want.  
 Data and process integration  
To improve subsurface interpretation, a 3-D geologic model can be integrated 
with other information such as seismic and well log data. Construction of a 3-D 
geologic model can also be coupled with other processes such as seismic 
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interpretation, well log analysis, reservoir simulation, and reservoir engineering 
processes to make a better model.  
 Reduce cost 
As the iteration process for a 3-D model only takes minutes and a 3-D model can 
be saved in powerful PCs with tremendous graphics capabilities, the operation cost 
can be reduced. 
RMS software from ROXAR was used to build a 3-D geologic model. RMS 
offers a comprehensive suite of interpolation techniques for modeling. In addition to 
standard methods for interpolation of well data, RMS offers flexible and powerful trend 
incorporation functions to guide property generation. Due to the flexibility in RMS, it 
allows users to supplement well data with geological knowledge. This makes RMS an 
effective tool to be used in modeling. 
For this study, a 3-D geologic model was built to mimic the subsurface geology of 
the Lewis Shale in the Great Divide and Washakie basins in Wyoming. In this case, a 3-D 
geologic model is considered a "tool" for reservoir management rather than a "product" 
of the reservoir characterization process. However, in order to be used as a reservoir 
management tool, a 3-D geologic model must reasonably represent the distribution of 
rock in the interval of interest. A good understanding of the geology of the area is 
essential to construct a model of the subsurface. 
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5.2 Methodology 
 For 3-D geologic modeling in this study, there are four major steps. The first step 
is to build a structural and/or stratigraphic framework. The data for building the 
framework can be normal faults, reverse faults, or strike slip faults, and surfaces that 
represent geologic horizons. The second step is homogenization and scale up. The 
purpose of scale up is to simplify the model and to generate a model that can be used in 
volumetric calculations. The third step is lithology modeling. In RMS software, this is 
termed “facies modeling.” For the purpose of this study, lithology (i.e., sand vs. shale) is 
being modeled using gamma ray well log data. The fourth step is petrophysical modeling. 
Petrophysical modeling estimates the distribution of porosity and hydrocarbon saturation. 
For this study, the petrophysical data are obtained from core analyses. 
 After perfoming these four steps, the ultimate objective to calculate gas-in-place 
volumes of sandstone lobes can be achieved. The different volumes of sandstone lobes 
are calculated by applying the output of each step in 3-D modeling. The sandstone 
volumes are calculated by using the output of lithology modeling which is the 
distribution of sandstone after applying the gamma ray cutoff value. The pore volume and 
hydrocarbon pore volume are calculated by applying the output of lithology modeling 




5.2.1 Stratigraphic Framework 
 The stratigraphic model is the framework used to constrain the 3-D geological 
model. This represents the reservoir architecture in terms of the spatial distribution of 
lithotypes. The framework consists of a number of cell layers and columns. They are 
positioned to match the stratigraphy of the Lewis Shale. The stratigraphic framework of 
the model is based on surface grids. Generally, the surface grids mark the tops and bases 
of sandstone lobes. 
 The stratigraphic framework is a basic step and a very important step in the 
modeling process. If the stratigraphic framework is too limited, or if there is an incorrect 
stratigraphic interpretation, the resultant 3-D distribution of data will be wrong, 
regardless of the data distribution method used. Therefore, it is critical to interpret the 
stratigraphic framework accurately and in detail to represent the correct stratal geometry. 
The process of creating the stratigraphic framework consists of three steps. The 
first step is horizon modeling, which consists of construction of surfaces. The surfaces 
were generated from scattered well log data. The second step is creating zones. A zone is 
the volume between two horizons. The third step is creating the 3-D grid. The 3-D grid 
consists of small cells inside the zones. The 3-D grid represents the stratigraphy and 
structure and is spatially discretized into numerous cells. Each cell is populated with rock 
and fluid properties during the modeling process. 
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5.2.1.1 Horizon Modeling  
 The first step in horizon modeling is to export the point data from well logs. The 
point data is the log top database of sandstone lobes picked in every well. After exporting 
the well data, those data were gridded to create a surface. The gridding process was done 
using PETRA software.  
 In the gridding process, there are two types of grids. These grids are rectangular 
grids and triangular grids. For this study, rectangular grids were used to grid the well 
data. Rectangular grids are meshes in which the original data points have been sampled 
onto evenly spaced grid nodes. Four grid nodes form a grid cell. Sampling is done using 
an average or inverse distance weighted scheme. Contours are constructed from this re-
sampled grid. Rectangular grids work best when data are not highly clustered. 
 Once the gridding process is done and the surfaces are created, the next step is to 
arrange those surfaces in proper order. Each of these surfaces, called a horizon, represents 
the top or base of a sandstone lobe. The output of horizon modeling is a set of horizons 
that represents the tops and bases of sandstone lobes. The horizons from the oldest to the 
youngest are summarized as follows: Olive Green Base, Olive Green Top, Red Base, Red 
Top, Gold Base, Gold Top, Orange Base, Orange Top, Dark Red Base, Dark Red Top, 
Dark Green Base, Dark Green Top, Yellow Base, Yellow Top, Blue Base, Blue Top, 
Brown Base, Brown Top, Light Green Base, Light Green Top, Purple Base, Purple Top, 
Light Blue Base, and Light Blue Top. 
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5.2.1.2 Creation of Zones  
 A zone corresponds to the volume between two surfaces. Zones can be built by 
selecting the top and base of the sandstone lobes. If only two horizons are selected, the 
zone is called single zone. However, a zone can also be built from more than two 
horizons. If more than two horizons are selected, the zone is called multi-zone. The 
multi-zone can be divided into sub-zones.  
Before building a zone, the input data of horizons must be checked. They must be 
sorted correctly. Three important requirements must be met prior to building a zone. 
These are: 
 The horizons should have the same area of interest and surface grid dimensions. 
 The horizons must be in depth order. 
 The horizons must not cross each other vertically. 
In case the horizons cross each other, RMS software has the ability to correct crossing 
horizons by sorting the horizons by depth to make the horizons consistent.  
The procedure to create the stratigraphic model should follow depositional 
processes. In the study area, the deposition of sandstone lobes from oldest to youngest 
can be summarized as follows: Olive Green Sand, Red Sand, Gold Sand, Orange Sand, 
Dark Red Sand, Dark Green Sand, Yellow Sand, Blue Sand, Brown Sand, Light Green 




5.2.1.3 Creation of 3-D Grids 
 As part of building a geologic model, the volume of the zone must be divided into 
small cells. The cells compose a 3-D grid. There are two ways of generating 3-D grids. 
The first way is to use a regular layout specification. Such grids, which are commonly 
used for geological modeling, are called modeling grids. The second way is to use an 
irregular layout. Such grids are commonly used for flow simulation. The grids are called 
simulation grids. For this study, modeling grids will be used to build 3-D geologic model.  
 The creation of 3-D grids is based on the grid layout, i.e., the horizontal and 
vertical resolution of the grid. In a horizontal layout, the horizontal grid resolution is 
given by the length and the width of the cells. The choice of grid type in a horizontal 
layout is based on the geology of the area of interest. There are two grid types that can be 
used in RMS (Figure 5.1). The first grid type is XY regular. In this grid type, all cells 
have the same length and width. All pillars that tie cell corners together from top to 
bottom of the grid are vertical. This type of grid cannot include faults. The second grid 
type is corner point. In this grid type, cells may have different length and width. The 
pillars may have dip. However, the pillars are still straight lines. This type of grid can 
include faults. Because the layout significantly influences the modeling result, the choice 
should be made carefully. For this study, because there is no major fault identified in the 
study area, the XY regular grid is used to build the 3-D geologic model. Each sandstone 
lobe consists of 562,500 cells (X=150 rows, Y=150 columns, and Z=25 layers). There is 








XY regular Pillars Corner point 
  








In vertical layout, the vertical resolution is flexible. The choice of using a vertical 
layering type is based on the depositional and tectonic processes that occurred in the area 
of interest. In RMS, there are two vertical resolution methods that can be used to build 
the model. The first method is constant cell thickness. In constant cell thickness, all cells 
have the same z-increment. The z-increment can be selected depending on the user. This 
method needs one reference surface. The cell layers are then built downwards (Figure 
5.2a) or upwards from the reference surface (Figure 5.2b). This type of layering is good 
for modeling erosion, on-lap, and off-lap.  
The second method uses a constant number of layers. The number of layers must 
be specified. This method needs two reference surfaces and must be specified (Figure 
5.3). All cells along the same pillar have the same z-increment. The z-increment may not 
be the same from one pillar to the others. This type of layering is good for an area that 
has undergone compaction. For this study, because the zones represented sandstone lobes 
that were deposited in a deep-water environment, and the study area has undergone 
compaction, the constant number of layers is used to build the 3-D geologic model. 
In vertical layout, the reference surface must cover the same area of interest as the 
zone. For this study, two surfaces, the top and base of each lobe, were selected as 
reference surfaces. The surface must coincide or lie above or below the top or the bottom 
horizon of a zone when used as an upper or lower reference. The surface must not be 
inside the grid. The surface must be sampled at regular intervals that coincide with the 
















Figure 5.2. The constant cell thickness approach has the same z-increment and needs one 










Figure 5.3. The constant number of layers approach has the same number of layers and 
needs two reference surfaces. 
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5.2.2 Blocking Wells 
 Before the raw well data can be used for modeling, these data must be scaled up 
or averaged to the resolution of the 3-D grid. This process is called blocking wells in 
RMS. Ideally, the resolution of the 3-D grid should be at the same scale at which rock 
property measurements and lithofacies identification have been made (Mansoori, 1994). 
However, the raw well data commonly need to be scaled up to simplify the model and to 
increase the speed of computation.  
Originally, the well data were sampled every 0.5 ft (0.15 m). During the upscaling 
process, each sandstone lobe was modeled with 25 layers. Each layer has the thickness of 
8 ft (2.7 m). This means that the well data were sampled every 8 ft (2.7 m). The process 
of upscaling involves assigning average rock properties to coarser grids that may contain 
up to several thousand smaller grids.  
The purpose of upscaling and blocking wells is to use information at one length 
scale in order to compute equivalent properties at a larger scale. The accuracy of 
equivalent properties is usually evaluated by how well the model made at the coarser 
level mimics the model made at the finer level. The other consideration is based on the 
speed that the software needs to build the model. The model should be built in minutes to 




5.2.3 Lithology Modeling  
 For this study, lithology modeling is defined as a process of obtaining a detailed 
model of the distribution of the different lithologies that occur in the study area. The 
purpose of modeling lithology is to generate a detailed model of the distribution of the 
sandstone vs. shale and to execute detailed volume calculations for each sandstone lobe.  
 Various lithofacies have been described by Witton (1999), Pyles (2000), and 
Minton (2002). Due to limited core control, and because interpretations of sedimentary 
facies from log signatures are unreliable, the author had to combine sedimentary facies. 
In this study, two main lithologies have been differentiated. These two lithologies include 
sandy lithology and muddy lithology. These two lithologies are the combination of sand 
and shale from the four different depositional environments discussed in Chapter 3.  
The technique used to define the lithology here is to simply use a gamma ray cut 
off. After analyzing the core of the Creston SE #5 well, Zainal (2001) determined the 
number of 87 API as the gamma ray cut off for sandstone. However, the author could not 
use that number directly because the wells drilled in the study area need to be normalized. 
These normalized logs were then distributed into a framework derived from an accurate 
stratigraphic interpretation. The normalization process was done because wells in the 
study area were drilled by different companies in different environments, and the gamma 
ray tools were calibrated differently depending on companies that drilled the wells.  
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 As a result of having different log responses, eleven wells were selected to be 
used as reference wells. The locations of these wells are widespread and cover the entire 
study area (Figure 5.4). The wells used for normalization are listed in Appendix C. 
Prior to doing normalization work, all wells with gamma ray logs were exported 
from the PETRA database in LAS format. For this study, a total well of 211 wells were 
selected and imported from the database to be used in the construction of the 3-D 
geologic model. In doing normalization work, the GR log interval that the author used 
ranges from 200 ft (67 m) above the base of the Fox Hills Formation, the Lewis Shale 
interval, and 200 ft (67 m) below the top of the Mesaverde Group. The reason the author 
included parts of the Fox Hills Formation and Mesaverde Group is that those intervals 
provide good control sections. The Lewis Shale interval is not the best interval to be used 
as a control section because this interval has variable amounts of sand and shale. 
As a result of being deposited in different depositional settings, the gamma ray 
responses may look different from one well to another. For example, the log responses 
for sandy slope deposits may not be the same as the log responses for sandy basin 
deposits. The only interval in the Lewis Shale that can be used as a control section is the 
condensed section in the lower shale member.  This condensed section was deposited 
during transgression of the Lewis Shale. The condensed section can be traced over the 






















































































































The normalization work was done using a multi-well histogram approach. The 
normalization process is illustrated in Figure 5.5. The software that the author used to 
normalize wells is Power Log. The Creston SE #5 (T19N-R91W-Sec. 1) was the well 
used to determine the gamma ray cut off for sandstone in the Lewis Shale interval. The 
gamma ray cut off was determined by observing the contact in core between shale and 
sandstone at the depth of 8,200 ft (2,733 m). After normalizing the Creston SE #5 well, 
the gamma ray cut off for sandstone is 91 API (Figure 5.6). 
By applying a gamma ray cut off of 91 API, the sandy lithology is assigned with a 
lithology code of 1 and the muddy lithology is assigned with a lithology code of 0. This 
means that the lithology with a lithology code of 1 indicates sandstone, whereas the 
lithology with a lithology code of 0 indicates silty mudstones, mudstones, and coal with 
no flow. 
After defining the lithology, the next step in lithology modeling is to collect and 
analyze the input data. For this study, the input data are well data. The distribution of 
lithology in different facies is very important in lithology modeling. The reason is that the 
distribution of lithology controls the variation of petrophysical properties.  
In conclusion, lithology modeling is important in the three-dimensional model 
because the distribution of lithology controls the variation of petrophysical properties 
such as porosity, permeability, and water saturation. The output of lithology modeling 
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Figure 5.5. The normalization process was done using multiwell histograms. The green 
histogram is the cumulative distribution of GR data from the 11 reference wells. The 
green curve is the cumulative frequency data for the same histogram. The peaks were 
used as a reference to normalize the raw curves from other wells. The red histogram is 
the distribution of the GR data before the normalization process for one well 
(prenormalized GR data, GRPRENOR). The blue histogram is the distribution of the GR 















































Figure 5.6. Blue curve is the Pre-normalized GR log and blue straight line is the gamma 
ray cut off of 87 API for Pre-normalized GR log based on Zainal (2001). Red line is the 
normalized GR log and red straight line is the gamma ray cut off of 91 API for 
normalized GR log. 
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5.2.4 Petrophysical Modeling  
 Reservoir rocks in the study area were deposited in slope and basin environments. 
These reservoirs were comprised of a series of channel and sheet sandstone deposits. 
Because these sandstones cover large areas of deposition and comprise two different 
types of sandstone, the petrophysical parameters may vary from well to well. However, 
due to limited petrophysical data, the approach in petrophysical modeling is to use 
average porosity and average water saturation from several wells drilled through the 
Lewis Shale. 
 Another approach in petrophysical modeling is to use a function of porosity 
versus depth. This means that the porosity applied in volumetric calculations may vary. 
The porosity values depend on the current depth of burial. The function has a non-linear 
equation so that at any measured depth it is possible to compute porosity.  
After creating a petrophysical model, the next step is to apply different 
petrophysical data to calculate the volume of each sandstone lobe. One approach used to 
calculate the pore volumes of each sandstone lobe is to use average porosity. The 
histogram to justify the average porosity is provided in a later section. The function of 
porosity versus depth is also used to calculate the pore volumes of each sandstone lobe. 
The figure and equation are provided in a later section. Various hydrocarbon saturations 
were used to calculate gas-in-place volumes. These numbers were based on the Law et al. 
(1989) work in the Greater Green River basin. 
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5.3 Data  
 For this study, there are two data sets available to create a 3-D geologic model. 
These are the stratigraphic data and petrophysical data. The stratigraphic data is the top 
and bottom of horizons, which represent the top and base of sandstone lobes. The 
petrophysical data are the porosity data from core analyses of 23 wells.  
 
5.3.1 Stratigraphic Data 
 Stratigraphic data used to create the 3-D geologic model consist of a series of 
surfaces (Figure 5.7). These surfaces were obtained based on stratigraphic correlation 
using well log data. The top and base of surfaces must cover the same area. Even though 
surfaces cover the same area, sometimes the top and base of surfaces are merged. If this 
condition occurs, this indicates pinch out of sandstone lobes. 
 
5.3.2 Petrophysical Data 
For this study, petrophysical data consists of the porosity from wells drilled in the 
study area and average hydrocarbon saturation obtained from Law et al. (1989) work in 
the Green River basin. For this study, three hydrocarbon saturations were used to 
calculate gas-in-place volumes. These numbers were based on the Law et al. (1989) study 



































































































































































 The average porosity is calculated from several wells that penetrated the Lewis 
Shale interval. A total of 23 wells were selected to generate the average porosity. These 
23 wells cover mostly the Lewis Shale production fields such as Cepo, Powder Mountain, 
Crestone, Hay Reservoir, Great Divide and Desert Springs. The CSM Strat Test #61 well 
was excluded from analyses because it may have had some near surface diagenetic 
alteration that is not typical. The list of wells is provided in Appendix D. 
 Porosity ranges from 1 to 21.7%. However, most wells in the Lewis Shale 
production fields have a porosity range from 6 to 12% except in the Desert Springs wells 
(Figure 5.8). The mean porosity is 9.69% (Figure 5.9).  
Another porosity approach was derived from the function of porosity with depth. 
This non-linear function is derived from core analyses. The function is:  
 
         Y = -6.1706ln(X) + 66.23    
 
where  Y = Porosity (%) and 
 X = Measured Depth (ft) 
  R2 = 0.8369 
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Figure 5.8. The distribution of porosity data from 23 wells that penetrated the Lewis 
Shale interval. The porosity data cover several Lewis Shale production fields. Data is 


























Mean Porosity = 9.69% 
 
Figure 5.9. The normal distribution of porosity data from 23 wells that penetrated the 
Lewis Shale interval indicates that the average porosity based on core analyses is 9.69%.  





 After building the 3-D geologic model, gamma ray distribution and porosity 
distribution were estimated for each sandstone lobe. Figures 5.10 and 5.11 illustrate the 
resultant 3-D geologic models, which show the distribution of gamma ray and porosity 
values in block diagrams and fence diagrams. In 3-D perspective, sandstone facies 
distribution is shown using a gamma ray cutoff of 91 API and indicated by a yellow 
color. The porosity distribution uses the porosity versus depth equation. High porosity is 
indicated by green, yellow, and red colors. Shale was assigned a porosity of 0.0001%. 
 
5.4.1 Gamma Ray Distribution 
 Gamma ray distribution was produced by interpolating gamma ray value among 
wells. For this study, the term “low gamma ray” and “high gamma ray” were defined 
using a gamma ray cutoff of 91 API. The low gamma ray is defined for the lithology with 
gamma ray less than 91 API. The high gamma ray is defined for the lithology with 
gamma ray more than 91 API. The lower gamma ray values are sandstone lithology.  
 Figures 5.12 through 5.23 show the gamma ray distribution for each sandstone 
lobe after interpolating gamma ray values in each well. On gamma ray distribution 
models, low gamma ray values, which indicate sandstone lithology, can be interpreted. In 
some areas, low gamma ray values are continuous, which indicates the better-developed 
sandstone bodies. The low gamma ray values show different trends, which correlate very 
well with the inferred paleocurrent of deposition of each sandstone lobe.  
Figure 5.10. 3-D GR model of sandstone lobes in the Lewis Shale created using RMS software. X and Y axes correspond to easting and northing, respectively, and are described in the Polyconic coordinate system 
in feet. The Z axis corresponds to TVDSS and is measured in feet. A negative Z value means elevation above sea level. In this model, it is possible to see the distribution of sand. (A) Fence diagrams constructed 
across the basins. In fence diagrams, it is possible to see the continuity of sand, which is indicated by the yellow color. Sand is mainly developed in the center and eastern part of the study area. (B) Enlargement of 










Figure 5.11. 3-D Porosity model of sandstone lobes in the Lewis Shale created using RMS software. X and Y axes correspond to easting and northing, respectively, and are described in the Polyconic coordinate 
system in feet. The Z axis corresponds to TVDSS and is measured in feet. A negative Z values means elevation above sea level. In this model, it is possible to see the distribution of sand. (A) Fence diagrams 
constructed across the basins. In fence diagrams, it is possible to see the continuity of high porosity, which is indicated by the green, yellow, and red colors. High porosity  is mainly developed in the center and 










Figure 5.12. 3-D geologic model of the Olive Green Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis 
corresponds to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR 







Figure 5.13. 3-D geologic model of the Red Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds to 
TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in each 




Figure 5.14. 3-D geologic model of the Gold Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds to 
TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in each 




Figure 5.15. 3-D geologic model of the Orange Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds 
to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in 




Figure 5.16. 3-D geologic model of the Dark Green Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis 
corresponds to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR 




Figure 5.17. 3-D geologic model of the Dark Red Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds 
to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in 




Figure 5.18. 3-D geologic model of the Yellow Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds to 
TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in each 




Figure 5.19. 3-D geologic model of the Blue Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds to 
TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in each 




Figure 5.20. 3-D geologic model of the Brown Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds 
to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in 




Figure 5.21. 3-D geologic model of the Light Green Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis 
corresponds to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR 




Figure 5.22. 3-D geologic model of the Purple Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis corresponds to 
TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR values in each 




Figure 5.23. 3-D geologic model of the Light Blue Sand. X and Y axes correspond to easting and northing in the Polyconic coordinate system, respectively, and are measured in feet. The Z axis 
corresponds to TVDSS and is measured in feet. Negative Z values mean elevation above sea level. (A) The color was chosen to match the name of the sand. (B) The GR distribution after interpolating GR 
values in each well. (C) Sand bodies distribution after filtering process using GR cutoff of 91 API. (D) The porosity distribution in sand bodies.
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5.4.2 Sandstone Distribution 
 The main objective of lithology modeling is to reproduce the distribution of 
sandstone developed in the study area. Sandstone lithology was defined by interpolating 
gamma ray values among the wells and applying a gamma ray cutoff of 91 API.  To 
know the distribution of sandstone is important prior to doing volumetric calculations. 
The reason to interpret the distribution of sandstone is because the sandstone lithology is 
the main target to be explored and is the best place for hydrocarbons to be accumulated.  
 In the study area, it is difficult to interpret the sandstone distribution in three-
dimensional perspective using two-dimensional data. However, an alternative approach 
using three-dimensional data helps determine the distribution of sandstone. Figures 5.12 
through 5.23 show the sandstone distribution for each sandstone lobe. In sandstone 
lithology models, some continuous and discontinuous sands could be interpreted.  
The models suggest a sandstone lobe avulsion for the sandstone lobes in the 
Lewis Shale. The different trends of sandstone lithology support the interpretation of 
sandstone lobe avulsion. These trends correlate very well with the inferred paleocurrent 
direction of each sandstone lobe. 
The deposition of the Olive Green Sand through the Orange Sand mostly occurs 
in the north and center of the study area. Scattered deposition of the Dark Green Sand 
occurs in the east. Deposition of the Dark Red Sand through the Blue Sand mostly occurs 
in the east and center of the study area. The Brown Sand, Light Green Sand, Purple Sand, 
and the Light Blue Sand occur only in the eastern part of the study area. 
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5.4.3 Porosity Distribution 
 Prior to doing volumetric calculations for each sandstone lobe, it is important to 
know the distribution of porosity in each sandstone lobe. For this study, porosity 
modeling was applied only in sandstone and porosity for sandstone was assigned as a 
function of depth using an equation from core analyses of 23 wells. Shale was assigned a 
porosity of 0.0001%. The reason to assign a low porosity for shale is because shale is not 
the main object in modeling and volumetric calculation. 
 The porosity model shows the distribution of porosity in sand bodies for each 
sandstone lobe after interpolating porosity values in each well. Figures 5.12 through 5.23 
show the porosity distribution in sand bodies for each sandstone lobe. Because the 
porosity model uses porosity as a function of depth, high porosity values occur in the 
shallow part of the basin. Even though low gamma ray values occur in the center of the 
study area, low gamma ray values may not have higher porosity. In contrast, the highest 
porosity values tend to coincide with the low gamma ray values in the shallow part of the 
basin. The high porosity values mostly occur in the eastern part of the basin. In the 
eastern part of the basin, the area is relatively high. This may be related to the 






5.5 Validation of Cross Sections 
 Validation of the 3-D model needs to be done by comparing cross sections done 
the normal way with cross sections obtained from the 3-D model. In order to verify the 
cross sections, structural cross sections were constructed and defined as NS-4, NS-5, and 
WE-17. These cross sections mainly focused on the Lewis Shale interval. Pyles (2000) 
did the NS-5 cross section, but his cross section was a stratigraphic cross section. In the 
cross sections, the yellow color indicates sand and the green color indicates shale. 
 Cross section NS-4 is constructed in the center part of the Great Divide and 
Washakie basins (Figure 5.24). The cross section has a north-south trend. Twenty-eight 
wells are used to construct this cross section. All of the sandstone lobes can be picked in 
this cross section. On this section, sandstone lobes in the Lewis Shale interval are thick in 
the middle and thin to the south and north. An anticline and a syncline can be interpreted 
in this cross section. An anticline is located in the northern part of the study area and a 
syncline is located in the southern part of the study area.  
Cross section NS-5 represents the eastern part of the Great Divide and Washakie 
basins. NS-5 is constructed in a north-northeast to south-southwest direction (Figure 
5.25). Twenty-three wells are used to construct this cross section. All of the sandstone 
lobes can be picked in this cross section except the Olive Green Sand. On this section, 
sandstone lobes in the Lewis Shale thicken to the south-southwest and thin to the north-
northeast. An anticline interpreted in this cross section is located in the center of the cross 
section.  
Figure 5.24. Comparison of cross section NS-4 obtained from PETRA and that obtained from the 3-D GR model. In these sections, it is possible to compare the sandstones. The yellow color 
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Figure 5.25. Comparison of cross section NS-5 obtained from PETRA and that obtained from the 3-D GR model. In these sections, it is possible to compare the sandstones. The yellow color 
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Cross section WE-17, which is constructed in a west-east direction, is composed 
of twenty wells (Figure 5.26). This cross section is perpendicular to the NS-4 cross 
section. All of the sandstone lobes can be picked in this cross section. On this section, 
sandstone lobes in the Lewis Shale interval are thickening in the center of the basin and 
thinning to the west and east except for the Light Green, Purple and Light Blue Sand. The 
Light Green, Purple, and Light Blue Sand show thickening to the east. Generally the 
Lewis Shale interval shows thinning to the east. A syncline interpreted in this cross 
section is located in the center of the cross section.  
 
5.6. Discussion 
A 3-D geologic model that has been built for the Lewis Shale relies on regional 
stratigraphic correlation. Lateral shifts of the inferred paleocurrent direction appear to 
exist during the deposition of the Lewis Shale, with an accompanying north to south 
prograding pattern. This indicates the influence of tectonic, sedimentologic, or a 
combination of tectonic and sedimentologic factors. The influence of tectonic effects may 
be related to the development of the structural highs in the study area such as the Rawlins 
uplift, Sierra Madre uplift, Cherokee Ridge, and Wamsutter arch. The influence of 
sedimentologic effects may be more related to delta avulsion. 
 In general, the cross sections done in PETRA compared well to cross sections 
obtained from the 3-D model. The sand presence in the cross sections done in PETRA 
can be recognized in the cross sections obtained from the 3-D model. 
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Figure 5.26. Comparison of cross section WE-17 obtained from PETRA and that obtained from the 3-D GR model. In these sections, it is possible to compare the sandstones. The yellow color 
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The deposition of the Olive Green Sand through the Orange Sand mostly occurs 
in the north and center of the study area. Scattered deposition of the Dark Green Sand 
occurs in the east. Deposition of the Dark Red Sand through the Blue Sand mostly occurs 
in the east and center of the study area. The Brown Sand, Light Green Sand, Purple Sand, 
and the Light Blue Sand occur only in the eastern part of the study area. The lateral 
continuity of the Orange and Blue Sands are better than other sands.  
Albeit the comparison between the cross sections done in PETRA and the cross 
sections obtained from the 3-D model was good, anomalies were recognized in some 
wells in the cross sections obtained from the 3-D model. Local high GR values are due to 
bad data, normalization problems, and discontinuous channel sands within the Fox Hills 
Formation. The bad data mostly occur at the base or at the top of the Lewis Shale. The 
discontinuous channel sands of the Fox Hills Formation commonly occur at the top of the 
Lewis Shale. 
Because of their limited lateral extent, the bad data do not significantly affect the 
volumetric estimates. The discontinuous channel sands of the Fox Hills Formation do not 
influence the volumetric calculations because they occur at the top of the Lewis Shale, 






VOLUMETRIC  CALCULATIONS  AND  ECONOMIC  CONSIDERATIONS 
 
6.1 Volumetric Calculations 
 3-D modeling results can be used to calculate hydrocarbon volumes within Lewis 
Shale sand lobes. This chapter discusses volumetric calculations and the formula used to 
calculate different volumes within each sandstone lobe.  
In RMS, it is possible to calculate different kind of volumes. These volumes 
include bulk volume, net volume, pore volume, hydrocarbon pore volume, and 
hydrocarbons in place. The objectives of this study are to calculate three different 
volumes. These include sand volumes, pore volumes, and gas-in-place volumes. The 
volumetric calculations are done for each sandstone lobe as total volumes and volumes 
above the top of overpressure and volumes below the top of overpressure. Figure 6.1 
illustrates the distribution of the top of overpressure that was used to constrain volumes in 
a three-dimensional perspective. The top of overpressure shown in Figure 6.1 is the same 
as the top of overpressure that is shown in Figure 4.10. The difference is that in Figure 
6.1, the top of overpressure is shown in three-dimensional perspective. In Figure 4.10, the 
top of overpressure is shown in two-dimensional perspective. In Figure 6.1, the depth of 




















































































































6.1.1 Sand Volumes 
Sand volumes are defined as net volumes. Gamma ray distribution, which was 
constructed using gamma ray interpolation between wells, was used to calculate sand 
volumes. After constructing gamma ray distribution, a filtering process using a net sand 
cutoff of 90 API was applied. Sand facies is labeled with facies code 1. Sand volumes 
were calculated only for the sand facies. 
 Total sand volumes for each lobe were calculated by adding the sand volumes 
above and below the top of overpressure (Table 6.1). Total sand volumes range from 
1,697 to 26,146 thousands of acre ft. The Olive Green Sand holds the smallest total sand 
volume whereas the Orange Sand holds the largest total sand volume (Figure 6.2). 
 Overpressure surface was used to separate sands above and below the top of 
overpressure. Sand volumes above the top of overpressure range from 0 to 13,390 
thousands of acre ft. The Blue Sand, which consists of a thick blocky sand, holds the 
largest sand volume above the top of overpressure. In contrast, the Olive Green Sand, 
which occurs below the top of overpressure, holds the smallest sand volume above the 
top of overpressure. Sand volumes below the top of overpressure range from 343 to 
22,360 thousands of acre ft. The Orange Sand, which consists of blocky sand and mostly 
occurs below the top of overpressure, holds the largest sand volume below the top of 
overpressure. In contrast, the Purple Sand, which mostly occurs above the top of 







ABOVE THE TOP OF 
OVERPRESSURE 
SAND VOLUMES 





of Acre ft 
Thousands 
of Acre ft 
Thousands 
of Acre ft 
LIGHT BLUE  15,790 10,334 5,456




BROWN 3,402 2,772 630
BLUE 24,636 13,390 11,246
YELLOW 11,010 1,112 9,898




ORANGE 26,146 3,786 22,360
GOLD 12,042 8,514 3,528





Table 6.1. The distribution of total sand volumes, sand volumes above the top of 

































































































6.1.2 Pore Volumes 
Pore volumes are defined as the bulk volume minus the matrix volume. Pore 
volumes were calculated in two different ways. The first way uses an average porosity 
based on core analyses. The second way uses porosity as a function of depth. Porosity as 
a function of depth was used to construct a 3-D porosity model. After constructing a 
porosity model, a filtering process using facies was applied. In this study, pore volumes 
are calculated in the sand facies only.  
 Total pore volumes, which were calculated using an average porosity of 9.69%, 
range from 163 to 2,510 thousands of acre ft (Table 6.2). Total pore volumes for each 
sandstone lobe were calculated by adding pore volumes above and below the top of 
overpressure. The Olive Green Sand holds the smallest total pore volume. In contrast, the 
Orange Sand holds the largest total pore volume (Figure 6.3).  
 Pore volumes above the top of overpressure, which were calculated with an 
average porosity of 9.6%, range from 0 to 1,285 thousands of acre ft. The Blue Sand, 
which consists of thick blocky sand and mostly occurs above the top of overpressure, 
holds the largest pore volume above the top of overpressure. The Olive Green Sand, 
which occurs below the top of overpressure, holds the smallest pore volume above the 
top of overpressure. 
Pore volumes below the top of overpressure, which were calculated with average 







ABOVE THE TOP OF 
OVERPRESSURE 
PORE VOLUMES 





of Acre ft 
Thousands 
of Acre ft 
Thousands 
of Acre ft 
LIGHT BLUE  1,516 992 524




BROWN 327 266 60
BLUE 2,365 1,285 1,080
YELLOW 1,057 107 950




ORANGE 2,510 363 2,147
GOLD 1,156 817 339





Table 6.2. The distribution of pore volumes using average porosity for each sandstone 








which consists of blocky sand and mostly occurs below the top of overpressure, holds the 
largest pore volume below the top of overpressure. The Purple Sand, which dominantly 
occurs above the top of overpressure, holds the smallest pore volume below the top of 
overpressure.  
Total pore volumes for each sandstone lobe, which were calculated using porosity 
as a function of depth, range from 118 to 1,839 thousands of acre ft (Table 6.3). The 
Olive Green Sand holds the smallest total pore volume. In contrast, the Orange Sand 
holds the largest total pore volume (Figure 6.3).  
Pore volumes above the top of overpressure, which were calculated using porosity 
as a function of depth, range from 0 to 1,122 thousands of acre ft. The Olive Green Sand, 
which occurs below the top of overpressure and has low porosity, holds the smallest total 
pore volume. In contrast, the Blue Sand, which has higher porosity, holds the largest total 
pore volume.  
Pore volumes below the top of overpressure, which were calculated using porosity 
as a function of depth, range from 21 to 1,420 thousands of acre ft. The Orange Sand 
holds the largest pore volume below the top of overpressure. The Purple Sand holds the 







ABOVE THE TOP OF 
OVERPRESSURE 
PORE VOLUMES 





of Acre ft 
Thousands 
of Acre ft 
Thousands 
of Acre ft 
LIGHT BLUE  1,224 859 365




BROWN 270 227 43
BLUE 1,839 1,122 716
YELLOW 709 85 625




ORANGE 1,703 283 1,420
GOLD 928 670 257





Table 6.3. The distribution of pore volumes using porosity as a function of depth for each 
sandstone lobe in the Lewis Shale. 
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6.1.3 Gas-In-Place Volumes 
The distribution of gas-in-place volumes, which were calculated using average 
porosity and different hydrocarbon saturations, is summarized in Tables 6.4 through 6.6. 
The estimation of gas-in-place is based on various reservoir parameters. These reservoir 
parameters include the areal extent, thickness, porosity, hydrocarbon saturation, pressure, 
temperature, and gas compressibility (Law et al., 1989). The combination of areal extent, 
thickness, and porosity is expressed by the pore volume of the reservoir.  
The gas-in-place volumes were calculated using the reservoir equation provided 
by Law et al. (1989). The gas-in-place volumes are reported in trillion cubic feet (Tcf). 
 
V = (1/109)*A*H*(43,560 ft3/acre ft)*φ*Sh*(Pe / 14.73 lb/in2)*(520oR/T)*(1/Z) 
 
where: 
A = areal extent of reservoir (thousands of acres) 
H = total thickness of reservoir  (ft) 
φ = effective porosity (decimal fraction) 
Sh = hydrocarbon saturation (decimal fraction) 
Pe = reservoir pressure (pounds per square inch) 
T = reservoir temperature (degrees Rankine) 
To R = To F + 459.59 (Langenkamp, 1980) 

























LIGHT BLUE 6.3 3.6 2.7




BROWN 1.3 1.0 0.3
BLUE 11.0 5.0 6.0
YELLOW 5.7 0.4 5.3




ORANGE 13.5 1.5 12.0
GOLD 5.1 3.2 1.9





Table 6.4. The distribution of gas-in-place volumes using average porosity and 45% 
























LIGHT BLUE 7.1 4.0 3.0




BROWN 1.5 1.1 0.4
BLUE 12.0 5.5 6.5
YELLOW 6.4 0.5 5.9




ORANGE 15.0 1.0 14.0
GOLD 5.8 3.6 2.2





Table 6.5. The distribution of gas-in-place volumes using average porosity and 50% 
























LIGHT BLUE 8.5 4.8 3.7




BROWN 1.7 1.3 0.4
BLUE 14.0 6.0 8.0
YELLOW 7.7 0.6 7.1




ORANGE 18.0 2.0 16.0
GOLD 6.9 4.3 2.6





Table 6.6. The distribution of gas-in-place volumes using average porosity and 60% 
hydrocarbon saturation for each sandstone lobe in the sandstone Lewis Shale. 
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Specific reservoir parameters such as pressure and temperature used in the gas-in-
place calculations were calculated based on the midpoint depth of sandstone lobe. 
Temperature data for each sandstone lobe were calculated by multiplying the midpoint 
depth of sandstone lobe by temperature gradient of 1.5o F/100 ft. Pressure data for each 
sandstone lobe were calculated by multiplying the midpoint depth of sandstone lobe by 
pressure gradient. Two pressure gradients were used to calculate gas-in-place volumes. 
Pressure gradient of 0.45 pounds per square inch (psi)/ft was used for sand above top of 
overpressure. Pressure gradient of 0.65 psi/ft was used for sand below top of 
overpressure. The temperature and pressure data were listed in Table 6.7. 
The determination of hydrocarbon saturation is based on Law et al. (1989). They 
used different hydrocarbon saturations depending on the level of probability.  The 
hydrocarbon saturations used in their calculations are 45%, 50%, and 60%. 
The Z factor is a measure of how non-ideal the gas is. Z=1 means the gas is ideal. 
High pressure and temperature tend to make a gas non-ideal. For this study, Z is selected 
to be 1.2. This is the value that Law et al. (1989) used to calculate the gas-in-place 
volumes in Cretaceous and Tertiary sandstone reservoirs. 
Gas-in-place volumes above the top of overpressure, which were calculated using 
an average porosity of 9.69% and 45% hydrocarbon saturation, range from 0 to 5.0 Tcf. 
Gas-in-place volumes above the top of overpressure, which were calculated using 



















9671.87 604.67 4352.34 6286.72
RED 9348.38 599.82 4206.77 6076.45
GOLD  9070.71 595.65 4081.82 5895.96
ORANGE 9159.80 596.99 4121.91 5953.87
DARK GREEN 9098.84 596.07 4094.48 5914.25
DARK RED 9099.18 596.08 4094.63 5914.47
YELLOW 8849.79 592.34 3982.41 5752.36
BLUE 8686.64 589.89 3908.99 5646.32
BROWN 8511.51 587.26 3830.18 5532.48
LIGHT GREEN 8495.19 587.02 3822.84 5521.87
PURPLE 8501.44 587.11 3825.65 5525.94
LIGHT BLUE 8130.05 581.54 3658.52 5284.53
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 Gas-in-place volumes above the top of overpressure, which were calculated using 
average porosity of 9.69% and 60% hydrocarbon saturation, range from 0 to 6.0 Tcf. The 
Blue Sand holds the largest gas-in-place volume above the top of overpressure. The Olive 
Green Sand holds the smallest gas-in-place volume above the top of overpressure. Total 
gas-in-place volumes above the top of overpressure using average porosity of 9.6% and 
45%, 50%, and 60% hydrocarbon saturations are 23.5, 26.0, and 31.3 Tcf, respectively. 
Gas-in-place volumes below the top of overpressure, which were calculated using 
average porosity of 9.69% and 45% hydrocarbon saturation, range from 0.2 to 12.0 Tcf. 
Gas-in-place volumes below the top of overpressure, which were calculated using 
average porosity of 9.69% and 50% hydrocarbon saturation, range from 0.2 to 14.0 Tcf. 
Gas-in-place volumes below the top of overpressure, which were calculated using 
average porosity of 9.69% and 60% hydrocarbon saturation, range from 0.2 to 16.0 Tcf. 
The Orange Sand holds the largest gas-in-place volume below the top of overpressure. 
The Purple Sand holds the smallest gas-in-place volume below the top of overpressure. 
Total gas-in-place volumes below the top of overpressure using average porosity of 
9.69% and 45%, 50%, and 60% hydrocarbon saturations are 38.7, 43.0, and 51.6 Tcf, 
respectively. 
Total gas-in-place volumes calculated using average porosity of 9.69% and 45%, 
50%, and 60% hydrocarbon saturations are 62.2, 69.1, and 82.9 Tcf, respectively.  
The distribution of gas-in-place volumes, which were calculated using porosity as 
a function of depth and different hydrocarbon saturations, is summarized in Table 6.8 
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through Table 6.10. Gas-in-place volumes above the top of overpressure, which were 
calculated using porosity as a function of depth and 45% hydrocarbon saturation, range 
from 0 to 4.3 Tcf. Gas-in-place volumes above the top of overpressure, which were 
calculated using porosity as a function of depth and 50% hydrocarbon saturation, range 
from 0 to 4.8 Tcf. Gas-in-place volumes above the top of overpressure, which were 
calculated using porosity as a function of depth and 60% hydrocarbon saturation, range 
from 0 to 5.7 Tcf. The Blue Sand holds the largest gas-in-place volume above the top of 
overpressure. The Olive Green Sand holds the smallest gas-in-place volume above the 
top of overpressure. Total gas-in-place volumes above the top of overpressure using 
porosity as a function of depth and 45%, 50%, and 60% hydrocarbon saturations are 20.0, 
22.2, and 26.6 Tcf, respectively. 
Gas-in-place volumes below the top of overpressure, which were calculated using 
porosity as a function of depth and 45% hydrocarbon saturation, range from 0.1 to 8.2 
Tcf. Gas-in-place volumes below the top of overpressure, which were calculated using 
porosity as a function of depth and 50% hydrocarbon saturation, range from 0.1 to 9.1 
Tcf. Gas-in-place volumes below the top of overpressure, which were calculated using 
porosity as a function of depth and 60% hydrocarbon saturation, range from 0.2 to 10.9 
Tcf. The Orange Sand holds the largest gas-in-place volume below the top of 























LIGHT BLUE 5.0 3.1 1.9




BROWN 1.1 0.9 0.2
BLUE 8.3 4.3 4.0
YELLOW 3.8 0.3 3.5




ORANGE 9.3 1.1 8.2
GOLD 4.2 2.7 1.5





Table 6.8. The distribution of gas-in-place volumes calculated using porosity as a 
























LIGHT BLUE 5.6 3.5 2.1




BROWN 1.3 1.0 0.3
BLUE 9.2 4.8 4.4
YELLOW 4.3 0.4 3.9




ORANGE 10.4 1.3 9.1
GOLD 4.5 2.9 1.6





Table 6.9. The distribution of gas-in-place volumes calculated using porosity as a 
























LIGHT BLUE 6.8 4.2 2.6




BROWN 1.4 1.1 0.3
BLUE 11.0 5.7 5.3
YELLOW 5.1 0.4 4.7




ORANGE 12.4 1.5 10.9
GOLD 5.5 3.5 2.0





Table 6.10. The distribution of gas-in-place volumes calculated using porosity as a 
function of depth and 60% hydrocarbon saturation for each sandstone lobe in the Lewis 
Shale. 
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overpressure. Total gas-in-place volumes below the top of overpressure using porosity as 
a function of depth and 45%, 50%, and 60% hydrocarbon saturations are 26.5, 29.5, and 
35.4 Tcf, respectively. 
Total gas-in-place volumes using porosity as a function of depth and 45%, 50%, 
and 60% hydrocarbon saturations are 46.5, 51.7, and 62.0 Tcf, respectively.  
 
6.2 Economic Considerations 
The economic consideration to explore and to develop the Lewis Shale in the 
Great Divide and Washakie basins is based on the gas-in-place volumes. The Orange 
Sand holds the largest gas-in-place volume. The Blue Sand holds the second largest gas-
in-place volume.  
In addition to gas-in-place volumes, other considerations such as well costs, 
completion costs, and risk analysis need to be evaluated prior to drilling a well. The 
Orange Sand holds the largest gas-in-place volumes, and most of the gas occurs below 
the top of overpressure. The Orange Sand should be most prospective where it sits on the 
Wamsutter arch or on its southwest flank (Figure 3.23). There is potential for 
stratigraphic traps with updip sand pinchouts in the Orange Sand from approximately 
T19N-R95W to T18N-R92W. 
The Blue Sand should be another good prospect where it sits on the southwest 
flank of the Wamsutter arch (Figure 3.27). There is potential for stratigraphic traps with 
updip sand pinchouts in the Blue Sand from approximately T17N-R93W to T17N-R92W.  
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The distribution of gas-in-place volumes calculated using average porosity and 
porosity as a function of depth and 60% hydrocarbon saturation is summarized in Figures 
6.4 and 6.5. The total gas-in-place volumes for each sandstone lobe calculated using 
average porosity and 60% hydrocarbon saturation range from 1.3 to 18.4 Tcf. The total 
gas-in-place volumes for each sandstone lobe calculated using porosity as a function of 
depth and 60% hydrocarbon saturation range from 0.9 to 12.4 Tcf.  
 
6.3 Discussion 
 Accurate gas-in-place estimates can only be achieved from detailed reservoir 
description (Denver and Phillips, 1992). Two volumetric calculations, one using average 
porosity and the other using porosity as a function of depth, were compared for 
discussion. The calculations were done using 45, 50, and 60% values for hydrocarbon 
saturation. Results are shown in Tables 6.8 to 6.10 and Figures 6.6 and 6.7. 
A significant difference occurs between gas-in-place volumes calculated using 
average porosity and gas-in-place volumes calculated using porosity as a function of 
depth. Volumetric calculations using average porosity showed the total gas-in-place 
volumes range from 62.2 to 82.9 Tcf (Figure 6.6). Volumetric calculations using porosity 
as a function of depth showed the total gas-in-place volumes range from 46.5 to 62.0 Tcf 
(Figure 6.7). The volume difference between both calculations was 25.2%. The second 
































































































































































































































































































 A number of scientists have estimated gas in-place and gas resources in the 
Greater Green River basin. Some of the various estimates are listed in Table 2.1. 
However, the values are mostly for recoverable resource. Recoverable natural gas 
resource is defined as the amount of gas, after correction for the presence of significant 
volumes of nonhydrocarbon components, that is recoverable as a function of either 
technology or economics or both (Curtis, 2001). Total natural gas resource, which is 
essentially equivalent to gas-in-place, is defined the finite volume of natural gas that is 
present in the earth’s crust, whether present in reservoirs or in diffuse quantities (Curtis, 
2001). The most important gas-in-place value for comparison is from Law et al. (1989). 
Other comparisons are from the Supply Technical Advisory Task Force (1973), National 
Petroleum Council (1980) and McPeek (1981).  
 The Supply Technical Advisory Task Force (1973) estimated gas-in-place of 240 
Tcf. The National Petroleum Council (1980) estimated the gas-in-place for the Greater 
Green River basin of 136 Tcf. Law et al. (1989) estimated the mean gas-in-place for the 
Lewis Shale play in the entire Greater Green River basin at 610 Tcf. McPeek (1981) 
estimated the gas-in-place of selected Upper Cretaceous reservoirs including the Lewis 
Shale at 20.4 Tcf. 
 In this study, the estimates of gas-in-place volumes are substantially less than 
previous estimates. It should be noted that the previous estimates covered the entire 
Greater Green River basin, whereas this study focuses on part of the Eastern Green River 
basin. The Law et al. (1989) estimate of 610 Tcf was significantly more than this study. 
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The Law et al. (1989) estimate included the Lewis Shale in the entire Greater Green 
River basin, which covered Wyoming, Colorado, and Utah. The McPeek (1981) estimate 
of 20.4 Tcf was significantly less than this study. This estimate only evaluated selected 
Upper Cretaceous reservoirs and “sweet spot” areas in the eastern part of the Greater 
Green River basin. This estimate did not include the entire gas-bearing sequence. The 
Supply Technical Advisory Task Force (1973) and National Petroleum Council (1980) 
estimates seem to be reasonable. However, their estimate did not include gas in reservoirs 
underneath or near existing production. They only selected one or two sandstone 
reservoirs from each stratigraphic unit (Law et al., 1989). 
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CHAPTER 7 
CONCLUSIONS AND RECOMMENDATIONS 
 
7.1 Conclusions 
 This study employs a 3-D geologic model to estimate gas-in-place volumes in 
sandstone lobes of the Lewis Shale. The 3-D geologic model of sandstone lobes relies on 
regional stratigraphic correlation. Different hydrocarbon saturations and porosities were 
used in volumetric calculations. In addition, emphasis was placed on using the top of 
overpressure to constrain volumes above and below the top of overpressure. 
The approach of this study was to interpret well log data, map sandstone lobes, 
build zones for each sandstone lobe, apply different petrophysical parameters, and 
calculate gas-in-place volumes for each sandstone lobe. 
This study provides information regarding sandstone distributions, inferred 
paleocurrent orientations for each sandstone lobe, and gas-in-place volumes for each 
sandstone lobe. Significant conclusions are: 
• Well log data were used to interpret regional stratigraphy of the Lewis Shale. 
Using this technique, 12 sandstone lobes were interpreted. In addition, the tops of 
overpressure were picked using sonic and resistivity logs. The use of mud weight 
and total gas data from mud log gave a better interpretation of the top of 
overpressure. The tops of overpressure do not follow stratigraphic horizons. 
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• The top and base of sandstone lobes were used to generate isopach maps. Using 
isopach data, four inferred paleocurrent orientations were interpreted. The 
inferred paleocurrent orientation for the Lewis Shale is initially from the 
northwest and later from the northeast, southwest and east. 
• The arbitary cross-sections the 3-D model of sandstone lobes were verified by 
comparing to cross sections generated in PETRA.  
• Well log data, the 3-D geologic model, and the 3-D porosity model were 
integrated to calculate gas-in-place volumes in each sandstone lobe. Using this 
data set, the Orange Sand was interpreted to be the sand that holds the largest gas-
in-place volume. The Blue Sand holds the second largest gas-in-place volume. 
• Gas-in-place volumes were calculated using two different porosity data sets, one 
using average porosity and the other using porosity as a function of depth. 
Volumetric calculations using average porosity showed that the gas-in-place 
volumes range from 62.2 to 82.9 Tcf. Volumetric calculations using porosity as a 
function of depth showed that the gas-in-place volumes range from 46.5 to 62.0 
Tcf. The volume difference between the two calculations was 25.2%. The smaller 
numbers are probably more accurate, because they recognize the fact that porosity 
decreases with depth. 
• In this study, the estimates of gas-in-place volumes are substantially less than 
previous estimates. It should be noted that the previous estimates covered the 
entire Greater Green River basin, whereas this study focuses on part of the 
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Eastern Green River basin. The Law et al. (1989) estimate of 610 Tcf was more 
than this study. The Law et al. (1989) estimate included the Lewis Shale in the 
entire Greater Green River basin, which covered Wyoming, Colorado, and Utah. 
The McPeek (1981) estimate of 20.4 Tcf was less than this study. This estimate 
only evaluated selected Upper Cretaceous reservoirs and “sweet spot” areas in the 
eastern part of the Greater Green River basin. This estimate did not include the 
entire gas-bearing sequence. The Supply Technical Advisory Task Force (1973) 
and National Petroleum Council (1980) estimate did not include gas in reservoirs 
underneath or near existing production. They only selected one or two sandstone 
reservoirs from each stratigraphic unit (Law et al., 1989). 
 
7.2 Recommendations  
 Because volumetric calculation of gas-in-place is a function of different 
parameters such as pressure, temperature, hydrocarbon saturation, and porosity, future 
research is needed to improve volumetric estimates: 
• Improve mapping of hydrocarbon saturation. This study should be constrained to 
the overpressure zone and should be 3-D in nature. 
• Compare gas-in-place volume calculations to production data. This would address 
questions about how much gas is left in the ground. 
• Improve the accuracy of the 3-D geologic model. The accuracy of the 3-D 
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Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
49007071180000 UNIT 11 012N-092W-09 NW SE 6566 6700 -115549.9 230.5 6149 5857
3-26 49007214070000 BLUE GOOSE UNIT 8-5-13-92 013N-092W-05 SE NE 6544 9624 -119660.8 39175 9033 8710
3-27 49007211610000 PRONGHORN 8-8 013N-092W-08 NW SE NE 6476 10050 -120374 34299.8 9157 8828
3-28 49007206040000 RED PRONG-FEDERAL 1 013N-092W-21 SE SW NE 6417 9716 -116053.6 23373.2 9007 8671
49007207800000 NORTH BAGGS-FEDERAL 1-34 013N-092W-34 W2 SE 6490 8120 -110497.7 10937 7257 6930
49007202850000 FEDERAL 10-13-93 013N-093W-10 NE NE SW 6733 11616 -143622.3 33141.4 10716 10427
4-26 49037231720000 BIRDIE UNIT 1 013N-094W-09 SW NE NE 6354 12347 -178096.6 35540.3 12170 11880
4-27 49037217410000 MCPHERSON SPRINGS 14-2 013N-094W-14 NW NW NE 6243 13020 -168902.2 30689.7 11530 11252
4-28 49037218830000 MCPHERSON SPRINGS 26-2 013N-094W-26 NE NW NE 6266 11900 -168798.6 20326.3 10865 10541
1-1 49037216430000 HAYSTACK UNIT 4-6-13-96 013N-096W-06 NW SE 6593 16976 -252409.5 38604.4 16144 16038
1-13 49007213580000 ROBBERS DOG 3-7 014N-091W-07 NW SE SW 6413 7449 -96578.1 63260.9 6875 6565
1-14 49007212830000 ROBBERS JAIL 2-20 014N-091W-20 NW SW NW 6421 7800 -92104.2 55045.2 6857 6540
3-22 49007209850000 SUPRON-FEDERAL 2A-4-14-92 014N-092W-04 SE NW NE 6599 8995 -115600.5 72126.5 8121 7820
1-10 49007208280000 SOCO HOME-FEDERAL 31C-5-14-92 014N-092W-05 SE SW 6540 9552 -122787.6 68784.6 8698 8400
3-23 49007207950000 SANTA FE-FEDERAL 1-9 014N-092W-09 SW NE NE 6540 9012 -115068.7 66567.3 8176 7880
1-11 49007209840000 SANTA FE-FEDERAL 2C-9-14-92 014N-092W-09 SW NE SW 6604 9240 -117072.7 64197.7 8447 8140
1-12 49007212860000 ROBBERS FAN 4-12 014N-092W-12 NE SW SE 6427 7690 -99793.4 63110.2 7172 6860
3-24 49007203820000 S W ROBBERS GULCH-A 1 014N-092W-15 SW NE SW 6573 9915 -112497.2 58619.2 8258 7940
49007207380000 CIGE-FEDERAL 1-20 014N-092W-20 SE NW NE 6707 9773 -120523.6 56067.6 8907 8585
3-25 49007203550000 SW ROBBERS GULCH 1 014N-092W-27 C NE 6599 9500 -109954.9 50544 8317 7988
49007206910000 SANTA FE-FEDERAL 1-29 014N-092W-29 E2 NE 6791 9889 -120377.7 50594.1 9061 8731
49007206470000 CIGE-FEDERAL 1-32 014N-092W-32 NW SE NE 6802 10025 -120262 45113.5 9187 8870
1-9 49007207790000 MARATHON-FEDERAL 1-13 014N-093W-13 SW NW NE 7070 10750 -131612.1 61813.7 9818 9519
49007211480000 BIG RIDGE UNIT 1 014N-093W-19 NW SE SE 6719 12220 -157066.9 53502.8 11067 10770
1-8 49007212320000 BIG RIDGE UNIT 32-20 014N-093W-20 SE SW NE 6813 11200 -152447.7 55484.3 10830 10540
1-4 49037223030000 DRIPPING ROCK 2 014N-094W-07 NE SW SW 6532 12800 -191486 64516.9 12605 12390
4-23 49037223040000 DRIPPING ROCK 3 014N-094W-08 SE SW NW 6618 13036 -186518 66299.6 12401 12170
1-7 49037226490000 HORSE TRAP RESERVOIR 10-1 014N-094W-10 NE SE SW 6678 12588 -174587.4 63713.6 11960 11645
1-6 49037227150000 CELSIUS STATE 16-1 1 014N-094W-16 NE SW NW 6634 12883 -181333 61224 12241 12010
4-24 49037229100000 DRIPPING ROCK UNIT 6 014N-094W-17 NW SE SE 6471 12530 -183357.3 58914.7 12213 11982
1-5 49037222540000 DRIPPING ROCK 1 014N-094W-17 SW SW NW 6580 13410 -186943.7 60764.3 12559 12306
4-25 49037234170000 KOALA BAR UNIT 22-28 014N-094W-28 SE NW 6573 12650 -180440.5 50701.3 12220 11990
1-3 49037229250000 CEPO UNIT 44-9 014N-095W-09 NW SE SE 6552 13950 -209455.4 64244.7 13679 13470
1-2 49037224040000 DESERT ROSE FEDERAL 1 014N-096W-13 NW NW SE 6504 14817 -226653 60385.7 14649 14425
15-13 49007208110000 CIGE-FEDERAL 1-7 015N-092W-07 NW SE SW 6580 9355 -128003.4 95236.1 8475 8187
15-14 49007208170000 CIGE-FEDERAL 1-8 015N-092W-08 E2 SW 6572 9035 -122812.9 95442.1 8158 7862
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow






49007202850000 10306 10217 10211 10205 10191 10069 10047
49037231720000 11760 11667 11660 11618 11608 11550 11540 11525 11490
49037217410000 11125 11031 11025 10988 10978 10920 10910 10894 10853
49037218830000 10400 10310 10302 10275 10268 10211 10203 10191 10151














49007211480000 10648 10559 10553 10548 10530 10486 10478 10419 10410 10395 10371
49007212320000 10420 10330 10324 10320 10300 10251 10239 10192 10185 10169 10143
49037223030000 12270 12193 12189 12182 12164 12120 12110 12050 12040 12024 11985
49037223040000 12054 11971 11968 11961 11940 11904 11888 11830 11820 11804 11771
49037226490000 11520 11430 11423 11419 11395 11350 11335 11275 11268 11253 11220
49037227150000 11891 11805 11800 11796 11770 11732 11720 11660 11652 11638 11598
49037229100000 11860 11773 11768 11765 11750 11701 11690 11631 11622 11607 11576
49037222540000 12177 12075 12070 12065 12041 11998 11980 11920 11910 11893 11850
49037234170000 11870 11785 11780 11774 11765 11720 11708 11650 11640 11625 11595
49037229250000 13355 13262 13250 13210 13190 13145 13130 13114 13080
49037224040000 14329 14192 14171 14130 14110 14096 14062
49007208110000 8048
49007208170000 7718
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills
Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) (ft)
49007071180000 4120
49007214070000 7962 7915 6712
49007211610000 8070 8020 6840
49007206040000 7875 7855 6738
49007207800000 5145
49007202850000 9949 9911 9891 9790 9780 9715 9697 9643 9608 9519 8491
49037231720000 11400 11352 11341 11258 11243 11198 11167 11112 11073 11030 10050
49037217410000 10765 10730 10710 10624 10613 10568 10536 10485 10445 10405 9329
49037218830000 10060 10030 10008 9923 9910 9869 9840 9792 9742 9720 8619
49037216430000 15623 15564 15515 15445 15383 15325 15234 15191 15150 15120 14267
49007213580000 5550 5525 5500 5480 4599
49007212830000 5390 5380 4550
49007209850000 7060 6980 6961 6800 5850
49007208280000 7710 7620 7591 7529 7479 7328 6440
49007207950000 7083 7015 6990 6870 5925
49007209840000 7368 7345 7320 7278 7240 7125 6179
49007212860000 5885 5855 5823 5800 4890
49007203820000 7090 6990 5970
49007207380000 7845 7798 7780 7640 6554
49007203550000 7110 7030 5962
49007206910000 8000 7990 7970 7830 6688
49007206470000 8145 8138 8120 7990 6832
49007207790000 8995 8960 8926 8853 8843 8750 8735 8669 8630 8500 7642
49007211480000 10262 10220 10203 10099 10090 10030 10005 9940 9900 9790 8833
49007212320000 10040 9995 9970 9868 9858 9785 9765 9705 9665 9548 8571
49037223030000 11893 11860 11840 11740 11733 11685 11630 11560 11508 11460 10433
49037223040000 11685 11630 11615 11512 11500 11427 11405 11327 11275 11212 10210
49037226490000 11138 11090 11070 10972 10958 10898 10865 10780 10730 10638 9710
49037227150000 11510 11470 11454 11347 11333 11294 11253 11178 11125 11070 10073
49037229100000 11492 11438 11425 11317 11303 11251 11225 11160 11098 11050 10039
49037222540000 11753 11720 11700 11590 11575 11535 11480 11422 11367 11330 10325
49037234170000 11510 11458 11445 11342 11329 11286 11252 11180 11132 11100 10097
49037229250000 12980 12950 12924 12851 12821 12760 12700 12640 12589 12555 11609
49037224040000 13946 13920 13889 13804 13775 13710 13650 13595 13544 13511 12618
49007208110000 7651 7550 7516 7423 7418 7260 7250 7135 7105 6905 6172
49007208170000 7288 7245 7215 7113 7107 6955 6934 6791 6773 6584 5874
Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
3-18 49007209860000 CIGE-FEDERAL 2A-8-15-92 015N-092W-08 NW SW NE 6607 8962 -121236 97434.4 8029 7735
3-19 & 5-15 49007207120000 GETTY STATE 1-16 015N-092W-16 SE NW SW 6691 8936 -117819.7 90202.7 8037 7730
3-20 49007203140000 92 FEDERAL 10-21-15 015N-092W-21 NE NE SW 6606 8864 -117124.6 85633.7 8046 7728
5-16 49007203450000 HAMILTON-FEDERAL 22-1 015N-092W-22 C SE 6548 8300 -109874.5 84823.2 7413 7100
3-21 49007207850000 SOCO-CIGE-FEDERAL 15-1-33 015N-092W-33 SW NE NE 6593 8904 -114963.5 77013.2 8007 7698
15-12 49007209150000 FEDERAL 40-1-15-93 015N-093W-01 SW NE SE 6556 9068 -130577.9 100938 8514 8229
15-11 49007207180000 FLAT TOP 1-10 015N-093W-10 SE NW NE 6592 10668 -141266.3 98382.6 9205 8915
49007202970000 BLUE GAP II UNIT 7-13-15-93 015N-093W-13 NE NW SE 6620 9750 -131399.7 90933.1 8790 8499
15-10 49007209580000 FEDERAL 0-18-15-93 015N-093W-18 NW NW SE 6781 10732 -158188.7 91602 10570 10296
49007203120000 FEDERAL 38-25-15-93 015N-093W-25 C SW NE 6767 10000 -131475.3 81689.4 9131 8817
49007213960000 SNOWBANK UNIT 1 015N-093W-31 SW NW 7262 11865 -159822.7 77475 11360 11087
15-9 49037217850000 WINDMILL DRAW UNIT 3 015N-094W-12 SE NW SE 6842 11432 -162523.9 96076.6 10925 10635
15-8 49037210710000 WINDMILL DRAW 1 015N-094W-14 NW NW SE 6928 12575 -168427.9 91395.1 11550 11260
15-7 & 4-20 49037220310000 WILDMILL DRAW UNIT 5 015N-094W-21 SW SE NW 6910 12952 -180457.4 87150.5 12273 11970
4-21 49037230310000 NORTH RUGER UNIT 334-29 015N-094W-29 NE SW SE 6720 12550 -183846.9 80100 12304 12060
15-6 49037210640000 WINDMILL DRAW 2 015N-094W-30 SE NW 6800 13733 -190174.2 82375.9 12662 12430
4-22 49037229240000 RUGER UNIT 24-32 015N-094W-32 NW SE SW 6642 12540 -185720.4 74743.4 12287 12050
15-5 49037219900000 CENTURY-FEDERAL 1-2 015N-096W-02 NW SE NW 6635 14874 -232770.7 104347.2 14362 14080
15-4 49037210280000 CHAMPLIN 538 AMOCO 1 015N-098W-05 NE SW SW 7144 13675 -311453.8 102872.5 13130 13041
15-2 49037212920000 BLUEWATER FEDERAL 3-18 015N-099W-18 SW NE NE 7415 13900 -345713.1 95854.9 12745 12662
15-3 49037219650000 BALD EAGLE 1-25 015N-099W-25 C SW 7039 15352 -322369.9 82076.9 14535 14425
15-1 49037207490000 CHICKEN SPRINGS 1 015N-100W-21 NW SE SW 7424 9320 -368889.9 87735.4 6745 6675
3-16 49007050850000 DAD UNIT 1 016N-092W-17 SE SW NE 6568 10415 -120833.4 123175.5 7229 6953
3-17 49007206830000 HAMILTON-FEDERAL 1-33 016N-092W-33 SW NE SW 6528 8141 -117609.4 106092 7145 6840
49007213910000 BSU 5-1-16-93 016N-093W-01 6704 8915 -134074.4 134895.6 8354 8070
49007209460000 BARREL SPRINGS 330-1-16-93 016N-093W-01 NE SW SW 6701 8845 -133180.3 132369.1 8313 8030
5-19 49007212240000 DUCK LAKE 40-1-16-93 016N-093W-01 SE NW SE 6772 8720 -130781.3 132446.8 8234 7950
49007205350000 BARREL SPRINGS UNIT 7-1 016N-093W-07 C SE 6583 12139 -156893.2 127605.4 9514 9252
49007205330000 BARREL SPRINGS UNIT 8-1 016N-093W-08 NW SE NW 6585 12000 -154244.7 130076.8 9297 9040
49007204800000 BARREL SPRS UNIT II 9-1 016N-093W-09 SW NE SE 6559 11556 -146339.6 127479.8 8982 8698
49007208940000 FEDERAL 40-10-16 016N-093W-10 NW SE SE 6562 9180 -141034.1 127393.1 8666 8385
49007201250000 UNIT 11-1 016N-093W-11 SW NE 6616 9043 -136557.4 129240 8458 8175
5-20 49007214010000 BSU 312-12-16-9 016N-093W-12 NW SW 6652 8998 -134086.6 127870.4 8368 8100
5-21 49007212880000 BSU 20-14-16-9 016N-093W-14 E2 W2 NE 6578 8950 -136102.8 124737.2 8455 8178
5-22 49007202280000 BARREL SPRINGS UNIT 14-1 016N-093W-14 SW SE 6545 9346 -136520.1 121391 8525 8245
49007204670000 STATE 16-1 016N-093W-16 NE SW SE 6566 11700 -146615 121972.1 9075 8790
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow







49007207180000 8783 8659 8637 8600 8548 8495 8480 8459 8444
49007202970000 8355
49007209580000 10171 10144 10139 10121 10115 10082 10073 10070 10022 9976 9905 9862 9843 9837 9815
49007203120000 8682
49007213960000 10963 10884 10877 10872 10835 10796 10755 10700 10694 10683 10661
49037217850000 10516 10491 10484 10469 10462 10422 10410 10405 10350 10315 10213 10180 10140 10129 10111
49037210710000 11136 11112 11100 11085 11070 11035 11026 11020 10972 10940 10850 10815 10780 10775 10746
49037220310000 11848 11823 11816 11796 11791 11755 11745 11738 11700 11670 11610 11560 11531 11525 11497
49037230310000 11948 11920 11914 11899 11893 11852 11847 11840 11810 11773 11746 11687 11673 11659 11639
49037210640000 12305 12285 12280 12219 12215 12208 12172 12140 12110 12058 12025 12018 11963
49037229240000 11940 11915 11909 11895 11890 11853 11849 11840 11814 11778 11758 11702 11691 11676 11647
49037219900000 13945 13918 13913 13852 13790 13760 13745 13700 13670 13659 13578
49037210280000 12948 12775 12769 12728 12687
49037212920000 12603




49007213910000 7925 7820 7805 7796 7700 7645 7545 7500 7446 7425 7406
49007209460000 7885 7770 7762 7760 7662 7609 7515 7470 7410 7396 7383
49007212240000 7800 7673 7600 7536 7450 7405 7355 7317 7301
49007205350000 9123 9078 9072 9025 8980 8974 8870 8827 8695 8655 8600 8591 8556
49007205330000 8909 8865 8858 8810 8757 8750 8655 8613 8480 8440 8380 8370 8333
49007204800000 8559 8470 8415 8410 8300 8260 8150 8112 8045 8030 8018
49007208940000 8245 8140 8110 8100 8005 7960 7850 7815 7755 7747 7734
49007201250000 8035 7920 7910 7905 7810 7758 7660 7620 7560 7548 7535
49007214010000 7950 7825 7812 7823 7755 7695 7610 7570 7505 7490 7476
49007212880000 8035 7899 7830 7770 7685 7645 7580 7569 7553
49007202280000 8100 7976 7908 7845 7770 7730 7670 7659 7643
49007204670000 8656 8605 8600 8570 8521 8518 8428 8386 8278 8240 8170 8160 8139
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills
Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) (ft)
49007209860000 7150 7061 6990 6903 6892 6815 6790 6658 6630 6485 5771
49007207120000 7034 6965 6955 6870 6840 6695 6678 6520 5729
49007203140000 7016 6972 6960 6889 6864 6735 6715 6593 5761
49007203450000 6318 6306 6281 6146 6136 6106 6080 5912 5080
49007207850000 6950 6910 6897 6791 6783 6624 5735
49007209150000 7715 7590 7544 7422 7416 7260 7250 7110 7090 6910 6220
49007207180000 8365 8232 8202 8119 8110 7955 7940 7840 7810 7625 6956
49007202970000 7985 7860 7832 7782 7775 7609 7588 7473 7450 7252 6526
49007209580000 9741 9660 9643 9538 9526 9372 9355 9319 9295 9040 8330
49007203120000 8310 8220 8180 8149 8140 7980 7970 7850 7835 7650 6795
49007213960000 10562 10501 10484 10385 10370 10255 10228 10180 10145 9940 9174
49037217850000 10057 9967 9955 9845 9833 9660 9640 9610 9580 9335 8672
49037210710000 10690 10597 10586 10484 10475 10297 10282 10231 10204 9990 9359
49037220310000 11424 11330 11320 11221 11210 11080 11058 11005 10970 10805 10119
49037230310000 11544 11477 11460 11361 11348 11243 11216 11152 11118 10989 10102
49037210640000 11901 11815 11802 11705 11695 11580 11560 11485 11450 11340 10574
49037229240000 11552 11493 11480 11381 11370 11273 11248 11189 11131 11040 10095





49007050850000 6388 6222 6075 5963 5954 5820 5790 5647 5585 5480 4955
49007206830000 6240 6120 6050 5968 5958 5841 5825 5660 5630 5515 4855
49007213910000 7370 7185 7158 7111 7102 6965 6935 6803 6761 6612 6079
49007209460000 7350 7165 7083 6941 6920 6775 6742 6623 6572 6550 6015
49007212240000 7265 7091 7063 7007 6995 6847 6825 6707 6672 6503 5950
49007205350000 8530 8390 8360 8230 8215 8055 8020 7972 7869 7791 7317
49007205330000 8310 8160 8125 7980 7970 7820 7782 7712 7629 7535 7104
49007204800000 7980 7825 7790 7660 7640 7485 7455 7370 7291 7254 6700
49007208940000 7685 7510 7455 7348 7330 7175 7140 7035 6961 6911 6384
49007201250000 7505 7320 7250 7120 7100 6950 6920 6820 6744 6715 6152
49007214010000 7445 7270 7245 7193 7172 7055 7033 6892 6863 6690 6122
49007212880000 7525 7350 7328 7296 7278 7160 7141 6997 6971 6834 6192
49007202280000 7610 7430 7401 7365 7343 7251 7237 7098 7068 6946 6247
49007204670000 8110 7955 7936 7799 7790 7635 7610 7518 7470 7316 6818
Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
49007209140000 FEDERAL 0-18-16-93 016N-093W-18 SE NW NW 6592 10232 -159482.8 124984.4 9729 9461
49007204830000 BARREL SPRS UNIT II 27-1 016N-093W-27 SW NE SE 6543 11575 -141130.6 111557.7 8924 8640
49037217480000 CHAMPLIN 444 AMOCO 1 016N-094W-01 C SW 6604 10340 -164613.4 132963 9733 9483
49037233930000 CHAMPLIN 444 AMOCO 2 016N-094W-01 NE 6588 10065 -162079.3 136742.5 9508 9241
49037207580000 FEDERAL 1-4-64 016N-094W-04 C NW NE 6852 11616 -178361.5 137515 10662 10390
4-18 49037204410000 FEDERAL 1-8 016N-094W-08 SE NE NE 6880 11470 -182452.5 131081.7 10964 10680
49037217980000 UNIT 12-1 016N-094W-12 C NW 6606 12665 -164733.3 130311.1 9798 9535
49037218210000 GULF BARREL SPINGS 1-24-1C 016N-094W-24 C NW 6633 12866 -164735.8 119631 10191 9922
4-19 49037214640000 SHALLOW CREEK UNIT 1 016N-094W-30 NW NW SE 6962 12500 -189400.2 112996.6 11887 11575
49037223330000 STATE 1-36 016N-094W-36 SW NE NE 6822 11072 -161920.5 109237.6 10571 10290
49037205040000 FEDERAL 1-10-5 016N-095W-10 NW NW 6918 13510 -207118.6 131389.4 12399 12099
49037209850000 SALAZAR UNIT 2 016N-095W-11 SW SE NW 6875 12700 -200507.9 129962.6 12034 11735
49037210270000 CHAMPLIN535 AMOCO-A 1 016N-097W-17 C SW 6982 14200 -279524.3 123872.2 13608 13480
49037207820000 CHAMPLIN 273 AMOCOA 1 016N-098W-29 SW NE SE 7142 14996 -308470 113650.1 12577 12479
49037205220000 BITTER CREEK II UN 1 016N-099W-22 SW NE NE 7275 21322 -328740.1 122379.9 10914 10860
49037213430000 BITTER CREEK II 2A 016N-099W-23 NE SW SW 7309 11800 -326909.3 119122.1 11178 11120
49037201810000 WELCH-FEDERAL 1 016N-100W-22 W2 SW NE 7947 8259 -361301.6 121896.9 7743 7644
49037207670000 S E WELCH 1 016N-100W-25 C NW NW 7681 10220 -353519.5 117796.5 9813 9744
49007210910000 MUDDY CREEK 18-1 017N-091W-18 NW SE NW 7004 6050 -99065.2 156692.3 5424 5115
3-11 49007215470000 BALDY BUTTE FEDERAL 4 017N-092W-04 SW SE 6775 8320 -118305.1 164982.7 7826 7548
5-15 & 17-3 49007207690000 PTS-FEDERAL 1-8 017N-092W-08 N2 SW 6816 8997 -126386.7 159923 8068 7790
3-12 49007215640000 BALDY BUTTE FEDERAL 6 017N-092W-10 NW SW 6773 8270 -115849.7 160455.9 7523 7241
5-14 & 17-1 49007207580000 CHORNEY-FEDERAL 1-12 017N-092W-12 N2 NW 6744 7732 -105315.4 162363.5 6847 6560
3-13 & 17-2 49007203170000 CHAMPLIN 445 AMOCO 1 017N-092W-15 C SW 6679 8250 -115671 154391.7 7376 7095
5-16 & 17-4 49007207570000 SNYDER-HUSKY 1-18 017N-092W-18 C SW 6821 9127 -131339.3 154608 8291 8018
3-14 49007208100000 SNYDER HUSKY 1-28 017N-092W-28 C NW 6670 8516 -121038.3 146555.1 7612 7340
3-15 49007210920000 GOVERNMENT 34-1 017N-092W-34 SE SW SE 6828 7052 -113487 138053.3 6186 5875
2A-22 & 17-6 49007204520000 D S FEDERAL 14-4 017N-093W-04 NE SW SW 6751 9882 -152304.9 165468.3 8983 8730
49007214760000 WAMSUTTER-FEDERAL 2-6 017N-093W-06 SE NE 6675 9571 -159701.7 168330.1 9115 8865
49007213940000 CHAMPLIN 336 AMOCO 2 017N-093W-07 NE 6627 9640 -160365.1 163025.3 9186 8925
49007203700000 CHAMPLIN 336AMOCO-B 1 017N-093W-07 SW 6622 9933 -162647.3 160362.6 9325 9055
17-5 49007202580000 CHAMPLIN 226 AMOCO 1 017N-093W-11 NW NW 6767 9544 -142322 163475 8664 8378
2A-23 49007204530000 STATE E 1 017N-093W-16 NW SE SW 6631 9550 -152109.5 154907 8936 8675
49007203880000 CHAMPLIN 336AMOCO-C 1 017N-093W-19 SW 6625 10044 -162857.8 149661.8 9447 9187
2A-24 49007203680000 CHAMPLIN 444AMOCO-B 1 017N-093W-21 SW 6597 9600 -152203.4 149671.3 8940 8682
5-17 49007207930000 SOCO-CIGE PET CORP- 17-1-24 017N-093W-24 SW NE SW 6717 9265 -136151.9 149705 8402 8125
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow
(ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft)
49007209140000 9340 9313 9307 9292 9285 9238 9198 9190 9100 9060 8925 8890 8825 8817 8793
49007204830000 8508 8388 8325 8271 8200 8165 8105 8090 8074
49037217480000 9352 9326 9318 9304 9293 9245 9206 9200 9098 9055 8902 8855 8808 8797 8775
49037233930000 9119 9092 9087 9071 9060 9015 8965 8960 8855 8805 8655 8612 8562 8550 8528
49037207580000 10280 10255 10240 10220 10205 10160 10125 10120 9970 9945 9780 9740 9680 9667 9632
49037204410000 10570 10547 10525 10505 10495 10456 10423 10415 10285 10253 10120 10084 10020 10009 9977
49037217980000 9414 9387 9380 9364 9352 9306 9268 9263 9170 9120 8980 8938 8874 8864 8844
49037218210000 9801 9775 9769 9752 9744 9700 9668 9662 9585 9530 9400 9363 9305 9298 9276
49037214640000 11457 11431 11413 11395 11390 11348 11337 11330 11240 11200 11092 11061 10990 10980 10948
49037223330000 10166 10140 10133 10118 10113 10065 10051 10045 9980 9925 9805 9770 9710 9703 9687
49037205040000 11985 11956 11940 11922 11912 11878 11870 11860 11710 11676 11625 11590 11510 11500 11381
49037209850000 11627 11599 11580 11560 11550 11513 11501 11492 11340 11302 11236 11200 11130 11120 11014
49037210270000 13402 13373 13366 13350 13342 13292 13281 13240 13235 13194 13141
49037207820000 12367 12345 12338 12318 12308 12214 12208 12155 12119
49037205220000 10763 10529 10483
49037213430000 11016 10980 10970 10950 10940 10796 10759
49037201810000 7590
49037207670000 9689
49007210910000 4961 4796 4756 4708 4680 4600 4565 4534 4519 4500 4404
49007215470000 7393 7279 7180 7171 7076 6997 6912 6862 6836 6805 6769
49007207690000 7640 7530 7443 7435 7335 7270 7160 7104 7095 7069 7042
49007215640000 7084 6960 6917 6908 6820 6735 6665 6608 6590 6552 6520
49007207580000 6405 6270 6244 6230 6170 6100 6050 5962 5910 5879 5813
49007203170000 6933 6810 6797 6788 6740 6657 6590 6501 6482 6467 6423
49007207570000 7860 7760 7671 7664 7550 7500 7388 7328 7318 7272 7251
49007208100000 7182 7062 7055 7035 6965 6900 6818 6767 6750 6731 6687
49007210920000 5707 5348 5338 5315 5277
49007204520000 8600 8550 8532 8480 8347 8340 8188 8140 8030 7964 7952 7906 7856
49007214760000 8744 8718 8710 8692 8672 8622 8527 8520 8320 8268 8153 8084 8070 8053 8032
49007213940000 8805 8778 8769 8753 8730 8682 8598 8590 8410 8372 8235 8172 8134 8118 8090
49007203700000 8937 8910 8900 8880 8864 8812 8735 8725 8565 8513 8370 8310 8285 8270 8252
49007202580000 8246 8191 8177 8127 7990 7979 7836 7791 7682 7623 7613 7569 7560
49007204530000 8541 8495 8480 8432 8348 8340 8165 8120 8012 7955 7925 7880 7827
49007203880000 9066 9037 9028 9015 8995 8950 8876 8870 8705 8670 8512 8460 8420 8410 8391
49007203680000 8551 8505 8490 8445 8370 8364 8205 8165 8030 7980 7940 7924 7871
49007207930000 7970 7875 7795 7785 7670 7620 7505 7450 7420 7377 7359
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills
Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) (ft)
49007209140000 8760 8630 8592 8493 8470 8310 8268 8215 7546
49007204830000 8040 7910 7883 7747 7740 7580 7560 7470 7440 7215 6594
49037217480000 8735 8598 8560 8459 8447 8260 8225 8150 7530
49037233930000 8486 8340 8305 8197 8177 8015 7960 7890 7290
49037207580000 9580 9498 9450 9410 9392 9190 9130 9020 8457
49037204410000 9938 9838 9825 9774 9747 9535 9490 9415 9388 9270 8765
49037217980000 8805 8670 8638 8539 8519 8352 8310 8235 7605
49037218210000 9244 9118 9079 8993 8977 8810 8780 8718 8670 8634 7943
49037214640000 10910 10818 10805 10732 10685 10528 10490 10452 10408 10270 9670
49037223330000 9652 9540 9498 9406 9395 9228 9200 9137 9113 8942 8324
49037205040000 11312 11163 11137 11115 11091 11048 11021 11004 10175







49007210910000 4355 4200 4011 3813 3666 3559 3192
49007215470000 6710 6557 6476 6453 6392 6153 6125 6101 5567
49007207690000 6994 6836 6758 6671 6651 6442 6397 6373 6294 6207 5799
49007215640000 6455 6308 6210 6160 6120 5912 5875 5841 5740 5700 5245
49007207580000 5762 5600 5574 5520 5480 5293 5265 5235 5065 4999 4616
49007203170000 6368 6200 6126 6054 6029 5815 5790 5764 5668 5523 5147
49007207570000 7190 7027 6974 6935 6918 6703 6636 6618 6524 6455 6037
49007208100000 6635 6470 6390 6325 6300 6110 6078 6030 5950 5879 5288
49007210920000 5197 5040 4960 4885 4875 4661 4650 4553 4478 4380 3835
49007204520000 7812 7630 7582 7550 6784
49007214760000 7940 7750 6738
49007213940000 8011 7838 6818
49007203700000 8178 7984 7910 7853 6965
49007202580000 7480 7303 7253 7227 7193 7104 6451
49007204530000 7800 7640 7603 7439 7336 7204 7085 7047 6650
49007203880000 8332 8170 8130 8024 7983 7775 7139
49007203680000 7850 7658 7631 7465 7418 7268 7204 7180 6640
49007207930000 7318 7135 7100 7080 7069 6905 6839 6727 6667 6579 6161
Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
2A-25 49007204950000 YATES-FEDERAL 28-1 017N-093W-28 E2 SW 6576 9585 -152223.9 144329.5 8975 8710
49007213620000 COAL GULCH 8-30-17-93 017N-093W-30 SE NE 6596 9750 -159991.2 146916.7 9281 9018
49007213820000 CHAMPLIN 444 AMOCO 2-A 017N-093W-31 C NE 6581 9799 -160146.4 141794.4 9289 9030
2A-26 49007204890000 CHAMPLIN444 AMOCO-F 1 017N-093W-33 C SW 6580 9558 -152246.3 139126.2 9050 8785
5-18 49007202220000 BARREL SPRINGS STATE 36-1 017N-093W-36 SW NE SW 6702 9144 -135745.6 139696.7 8444 8165
17-9 49037210540000 CHAMPLIN 237AMOCO-B 1 017N-094W-03 SW 6692 10380 -178366.1 165737.5 9815 9552
17-10 49037214070000 CHORNEY-FEDERAL 4-1 017N-094W-04 SE NW SW 6696 10650 -183667.2 165982 10029 9750
17-11 49037210750000 CHAMPLIN237AMOCO-C 1 017N-094W-05 SW NE SW 6710 11420 -188755.9 166062.1 10190 9922
49037207220000 FEDERAL 1-6-74 017N-094W-06 SE NE SW 6751 11285 -193522.5 166639.8 10412 10128
4-14 49037237270000 MEXICAN FLATS 6-2 017N-094W-06 SW SE 6751 11994 -191745.5 165769 10330 10051
4-15 49037207440000 CHAMPLIN 237 1 017N-094W-07 SW NW SE 6834 12700 -192266.4 161353.1 10567 10286
49037216550000 CHAMPLIN 336AMOCO-D 1 017N-094W-13 SE NW SW 6566 10147 -167996.1 155221.8 9649 9365
4-16 49037210390000 CHAMPLIN237AMOCO-D 1 017N-094W-17 C SW 6826 11290 -188939.6 155375.7 10654 10370
4-17 49037208550000 CHAMPLIN 336 1 017N-094W-21 SW NE SW 6821 11556 -183558.6 150257.4 10618 10340
17-12 49037211920000 CHAMPLIN293AMOCO-B 1 017N-095W-01 NW 6819 11235 -199630.5 168672.8 10672 10395
49037208040000 CHAMPLIN230AMOCO-A 1 017N-095W-29 NE SW SW 7018 14216 -220870 144890.4 12531 12250
17-14 49037207630000 CHAMPLIN256 AMOCO-A 1 017N-096W-03 NW NE SW 7132 13769 -241104.5 167167.1 11686 11432
17-15 49037217760000 CHAMPLIN 534 AMOCO 1 017N-096W-17 C SW 7073 12896 -252233.2 155898.4 12235 11960
17-16 49037213740000 SMOKEY BLUEWATER 2-18 017N-096W-18 SE NW SW 7098 13007 -257498.5 156067.9 12094 11940
49037216860000 EMIGRANT TRAIL UNIT 2 017N-096W-32 SW NE 7159 14302 -250260.8 142193.7 13653 13410
49037220020000 NIX-STATE 1-36 017N-096W-36 NE SW SW 6952 13980 -231307.1 139858.9 13236 12975
17-17 49037218730000 CHAMPLIN 271 AMOCO 1 017N-097W-13 C SW 6994 12368 -262158.3 156199.1 11826 11692
17-18 49037207900000 NORTH FORK-FED 1 017N-097W-14 C SW 6994 13560 -267624.1 156088.8 11524 11392
17-20 49037201780000 PAN AM-UPRR 1 017N-098W-07 NE SE NW 6946 7550 -319146 164237.1 6995 6960
17-19 49037209570000 CHAMPLIN440AMOCO-A 1 017N-098W-11 SE NW NW 6973 9250 -298931.5 164585.9 8586 8500
5-9 49007203160000 CRESTON III UNIT 3 018N-091W-05 C SW 7072 8681 -94252.5 196929.7 7830 7545
5-10 49007205000000 CRESTON III UNIT 8 018N-091W-08 NW SE SW 7219 8494 -94241.4 191478.5 7796 7500
3-5 49007202610000 CRESTON 3-1 018N-092W-03 NW SE 7123 11020 -113147.3 197635.7 8387 8115
49007202610000 CRESTON 3-1 018N-092W-03 NW SE 7123 11020 -113147.3 197635.7 8387 8115
49007215740000 COALBANK 8-1 018N-092W-08 SE SE 6963 8835 -122876.1 191438.6 8421 8145
3-6 49007202810000 CRESTON 1-9 018N-092W-09 E2 SE 6965 11000 -117637.8 191725.4 8284 8015
49007216630000 CRESTON NOSE 4-9-18-92 018N-092W-09 NW NW 6996 8950 -120501.3 194392.6 8423 8140
49007201330000 CRESTON-UNIT 1 018N-092W-12 C NE NE 7180 10855 -101434.4 194948 8067 7790
3-7 49007215690000 COALBANK 15-4 018N-092W-15 C SW 6994 8880 -114216.2 187689.4 8456 8180
3-8 49007215880000 COAL GULCH 1-22 018N-092W-22 NW NW 6973 8595 -115400.6 184003.9 8120 7848
5-11 49007205170000 CRESTON III UNIT 5-24 018N-092W-24 C NW SE 6945 10100 -102753.4 181773.9 7429 7145
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow
(ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft)
49007204950000 8577 8530 8521 8470 8405 8399 8250 8212 8080 8030 7988 7972 7919
49007213620000 8897 8868 8863 8848 8830 8784 8712 8705 8540 8495 8370 8318 8278 8262 8249
49007213820000 8918 8889 8885 8870 8860 8810 8750 8744 8615 8570 8418 8377 8340 8330 8308
49007204890000 8655 8608 8601 8550 8490 8484 8365 8320 8190 8140 8090 8078 8043
49007202220000 8010 7910 7870 7860 7760 7705 7600 7555 7495 7483 7460
49037210540000 9445 9415 9395 9380 9360 9320 9238 9230 9030 8990 8840 8780 8730 8710 8682
49037214070000 9640 9608 9596 9580 9565 9520 9425 9419 9225 9180 9055 9000 8900 8880 8852
49037210750000 9810 9787 9770 9755 9740 9695 9630 9620 9390 9350 9285 9230 9165 9136 9020
49037207220000 10015 9993 9970 9955 9940 9898 9820 9812 9590 9550 9500 9445 9330 9308 9205
49037237270000 9943 9920 9905 9886 9871 9830 9755 9745 9510 9468 9418 9362 9267 9241 9145
49037207440000 10171 10150 10126 10110 10096 10055 9985 9976 9760 9720 9658 9608 9510 9495 9380
49037216550000 9249 9222 9208 9185 9170 9123 9041 9034 8849 8809 8710 8640 8590 8575 8560
49037210390000 10261 10240 10220 10203 10188 10145 10079 10069 9875 9830 9730 9680 9640 9625 9520
49037208550000 10228 10200 10178 10158 10145 10104 10043 10035 9865 9816 9728 9675 9592 9580 9520
49037211920000 10280 10260 10240 10220 10210 10165 10102 10095 9865 9820 9796 9742 9620 9602 9430
49037208040000 12135 12111 12100 12085 12075 12037 12031 12025 11830 11795 11785 11749 11670 11660 11503
49037207630000 11322 11297 11275 11257 11250 11201 11195 11190 11030 10985 10935 10850 10770 10760 10700
49037217760000 11883 11859 11848 11820 11815 11777 11771 11765 11645 11600 11555 11490 11460 11440 11312
49037213740000 11842 11818 11810 11738 11732 11726 11605 11567 11542 11468 11430 11403 11295
49037216860000 13305 13277 13270 13255 13245 13205 13200 13195 13070 13032 13020 12960 12915 12905 12790
49037220020000 12865 12838 12825 12810 12802 12767 12762 12755 12600 12574 12562 12530 12460 12440 12307
49037218730000 11605 11581 11574 11499 11495 11488 11418 11365 11302 11240 11222 11201 11074
49037207900000 11300 11276 11271 11185 11180 11174 11132 11086 11030 10952 10912 10891 10780
49037201780000 6852 6818 6812 6705 6700 6694 6687 6647 6640 6601 6591
49037209570000 8392 8364 8359 8262 8256 8250 8242 8200 8185 8130 8120
49007203160000 7396 7340 7320 7224 7196 7182 7080 6983 6959 6711 6639 6576 6493
49007205000000 7353 7200 7161 7145 7070 6968 6950 6722 6626 6559 6491
49007202610000 7952 7921 7917 7900 7854 7763 7552 7545 7516 7440 7410 7223 7195 7072 6965
49007202610000 7952 7921 7917 7900 7854 7763 7552 7545 7516 7440 7410 7223 7195 7072 6965
49007215740000 7990 7957 7951 7936 7900 7820 7615 7605 7580 7471 7425 7287 7250 7168 7117
49007202810000 7855 7819 7816 7798 7763 7682 7478 7464 7435 7355 7315 7170 7140
49007216630000 7983 7950 7944 7935 7890 7791 7628 7620 7590 7470 7403 7277 7237 7135 7061
49007201330000 7622 7570 7552 7465 7410 7390 7320 7211 7192 6928 6870 6806 6688
49007215690000 8010 7970 7967 7956 7945 7868 7675 7662 7630 7513 7449 7330 7288
49007215880000 7688 7637 7628 7563 7391 7374 7352 7250 7170 7073 7028 6987 6966
49007205170000 6990 6860 6792 6780 6660 6555 6530 6403 6312 6289 6244
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills
Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) (ft)
49007204950000 7890 7732 7709 7547 7510 7360 7320 7290 6660
49007213620000 8200 8030 7988 7882 7845 7629 7591 7554 7010
49007213820000 8260 8102 8057 7952 7922 7743 7698 7630 7083
49007204890000 8005 7850 7824 7672 7648 7510 7452 7433 6829
49007202220000 7421 7240 7208 7180 7169 7018 6981 6835 6794 6669 6181
49037210540000 8610 8535 8488 8473 7670
49037214070000 8780 8720 8671 8657 7890
49037210750000 8967 8899 8844 8828 8070
49037207220000 9135 9082 8281
49037237270000 9073 9025 8969 8954 8862 8800 8140
49037207440000 9320 9276 9227 9210 9140 9045 8940 8913 8405
49037216550000 8508 8325 8274 8190 8138 8001 7315
49037210390000 9460 9416 9384 9363 9293 9176 9083 9044 8500
49037208550000 9476 9401 9383 9362 9352 9169 9078 9025 8495
49037211920000 9365 9330 8548
49037208040000 11414 11249 11191 11159 11095 11076 10332
49037207630000 10599 10522 9757
49037217760000 11211 11037 10363
49037213740000 11201 11002 10358
49037216860000 12695 12518 12459 12410 12352 12323 11730
49037220020000 12207 11968 11923 11874 11820 11794 11190
49037218730000 10981 10788 10110
49037207900000 10679 10483 9814
49037201780000 6483 6395 5600
49037209570000 7989 7892 7060
49007203160000 5623
49007205000000 6350 6270 5565
49007202610000 6210
49007202610000 6210
49007215740000 7010 6930 6269
49007202810000 6120
49007216630000 6945 6870 6283
49007201330000 6538 6490 5860
49007215690000 7055 6950 6268
49007215880000 6868 6752 6629 6611 6560 6410 5960
49007205170000 6120 6030 5878 5856 5187
Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
5-12 49007206550000 CRESTON III UNIT 14-25 018N-092W-25 NE SW SE 6841 9747 -102532.9 175760.6 7160 6871
3-9 49007202920000 CRESTON 1-28 018N-092W-28 SW SE 6915 10851 -117969.1 175781.4 8069 7803
3-10 49007214180000 COAL BANK 33 1 018N-092W-33 C SW 6852 8842 -120519.1 170452.4 8003 7730
5-13 49007204060000 CRESTON III UNIT 4 018N-092W-36 C NW SE 6800 9654 -102892.6 171167.3 7024 6740
49007204220000 CHAMPLIN278AMOCO-D 1 018N-093W-01 C SW 6875 9470 -136043.2 197239 8674 8400
2A-16 49007204860000 CHAMPLIN222 AMOCO-H 1 018N-093W-05 C SW 6726 9606 -157257.8 197520 9022 8760
49007208310000 STANDARD DRAW 1-6 018N-093W-06 SW NE SW 6708 9650 -162401.9 197715.1 9109 8853
49007214450000 EIGHTMILE 7-1 018N-093W-07 NE 6709 9512 -159933.2 194888.8 9057 8790
49007213790000 STANDARD DRAW 8-8-18-93 018N-093W-08 SE NE 6786 9447 -154312.2 194702 8977 8715
2A-17 49007204230000 CHAMPLIN261AMOCO-H 1 018N-093W-09 C SW 6754 9470 -151961.2 192110.5 8876 8625
49007205410000 STANDARD DRAW 2-10 018N-093W-10 SW NE SW 6765 9500 -146692.2 191986.1 8748 8483
49007213590000 CHAMPLIN 278 B"" 2 018N-093W-11 W2 W2 NE 6829 9160 -139690.5 194622 8635 8380
2A-18 49007204580000 STANDARD DRAW 3-16 018N-093W-16 NE SW 6753 9694 -152136.9 186915.4 8854 8600
2A-19 49007204130000 CHAMPLIN261AMOCO-D 1 018N-093W-21 C SW 6798 9500 -152004.4 181536.1 8908 8660
2A-20 49007205240000 TRIGG-FEDERAL 28-1 018N-093W-28 C SW SW 6762 9520 -151980.7 176274.1 8904 8650
17-7 49007206630000 CHAMPLIN 261 AMOCO 1 018N-093W-31 C SW 6676 9910 -162595.7 171086.3 9217 8949
2A-21 49007204510000 CHAMPLIN 226AMOCO G 1 018N-093W-33 C SW 6722 9300 -152023 170957.8 8914 8650
49037240440000 WAMSUTTER RIM 1-1 018N-094W-01 C 6733 10280 -166373.5 198814.1 9808 9541
49037217740000 FEDERAL BI 1 018N-094W-04 C SW 6760 10203 -183591.8 197600.6 9631 9370
49037208670000 CHAMPLIN 337 AMOCO 1 018N-094W-05 SW NE SW 6765 10437 -188849.1 197638.4 9701 9425
4-10 49037204870000 FEDERAL 1-6 018N-094W-06 NE NW 6761 10299 -193344.1 200866.9 9696 9430
4-11 49037211360000 FEDERAL-W 1 018N-094W-18 C SW 6781 10504 -194200.3 186917.1 9997 9720
4-12 49037211670000 CHAMPLIN 292AMOCO B 1 018N-094W-19 NE SW SW 6837 10800 -194157.9 181738.6 10239 9955
4-13 49037238040000 CHAMPLIN 293 AMOCO 3 018N-094W-31 SW NW 6857 10793 -194338.8 173708.6 10421 10140
17-8 49037214850000 CHAMPLIN-I61 AMOCO 1 018N-094W-35 C SW SW 6697 10080 -173100 171175.3 9533 9265
49037238370000 RED LAKES 9-36-18-94 018N-094W-36 NE SE 6691 9798 -165206.4 171148.1 9299 9029
49037230060000 TWO RIM 1-1 018N-095W-03 NE NE NW 6860 10500 -208783 200961.8 10079 9820
17-13 49037219600000 CHAMPLIN 292 AMOCO 1 018N-095W-33 C SW 6910 11750 -215198.2 171392.7 11104 10805
49037208350000 CHAMPLIN267AMOCO-A 1 018N-096W-13 SW NE SW 7092 12766 -230798.7 187533.7 10849 10570
49037210550000 CHAMPLIN 534 AMOCO-A 1 018N-096W-31 C SW 7041 11802 -257341.3 171809.3 10963 10831
49037053570000 LANEY RIM UNIT 27-3 018N-097W-27 C NW NW 7319 9970 -273001.6 180781.9 9408 9285
49007206730000 CRESTON SOUTHEAST 5 019N-091W-01 C SW 6986 9708 -73508.9 227934.6 8840 8515
5-6 49007205830000 SOUTHEAST CRESTON 3 019N-091W-10 NE SW SW 7251 9500 -84380.3 222261 8927 8620
5-8 49007205250000 WINDY HILL 1 019N-091W-29 SE NW NW 7031 8744 -94358.6 210099.1 8254 7970
3-2 49007212620000 ECHO SPRINGS 276 E 2 019N-092W-05 NE SW NE 7127 9927 -123209 230940.6 9503 9226
5-7 49007204770000 CHAMPLIN276 AMOCO D 1 019N-092W-13 C SW 6972 9202 -104748.5 217886.2 8567 8285
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow
(ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft)
49007206550000 6721 6596 6546 6538 6420 6334 6300 6165 6099 6058 6027
49007202920000 7645 7532 7390 7381 7340 7240 7145 7066 7034 7000 6973
49007214180000 7572 7463 7350 7339 7242 7165 7072 7029 6985 6957 6922
49007204060000 6582 6454 6425 6410 6300 6218 6180 6092 6008 5957 5924
49007204220000 8264 8235 8228 8204 8162 8056 7895 7871 7835 7750 7651 7520 7490 7365 7278
49007204860000 8630 8606 8583 8562 8534 8452 8258 8245 8159 8050 7920
49007208310000 8730 8700 8678 8655 8625 8550 8363 8342 8235 8135 8020
49007214450000 8670 8640 8616 8595 8570 8497 8321 8300 8185 8076 7967 7874 7861 7767 7720
49007213790000 8595 8562 8548 8525 8500 8420 8200 8182 8125 8020 7910 7811 7792 7710 7661
49007204230000 8496 8466 8453 8432 8400 8333 8120 8103 8033 7951 7824 7735 7711 7629 7572
49007205410000 8363 8333 8325 8305 8275 8200 7990 7975 7920 7830 7708 7612 7585 7510 7457
49007213590000 8247 8215 8210 8190 8156 8060 7870 7848 7830 7717 7625 7503 7480 7382 7318
49007204580000 8470 8443 8435 8418 8388 8330 8156 8146 8033 7955 7830 7759 7735 7680 7596
49007204130000 8530 8502 8496 8479 8454 8396 8240 8230 8050 7985 7882 7819 7801 7755 7679
49007205240000 8520 8496 8489 8477 8456 8405 8239 8230 8060 8008 7908 7839 7823 7753 7700
49007206630000 8830 8803 8792 8773 8758 8702 8592 8582 8405 8348 8207 8143 8131 8115 8102
49007204510000 8521 8472 8455 8392 8250 8240 8085 8038 7928 7869 7857 7795 7734
49037240440000 9423 9392 9368 9345 9305 9221 9060 9032 8902 8795 8670
49037217740000 9260 9230 9212 9180 9150 9080 8955 8940 8730 8636 8458
49037208670000 9319 9290 9270 9240 9207 9140 9050 9025 8780 8687 8533
49037204870000 9315 9290 9257 9230 9202 9130 9050 9040 8735 8643 8599 8400 8370 8310 8288
49037211360000 9610 9586 9569 9548 9535 9475 9395 9388 9130 9054 9018 8932 8846 8746 8673
49037211670000 9845 9818 9797 9775 9762 9710 9639 9630 9360 9300 9260 9188 9100 9010 8940
49037238040000 10030 10005 9982 9965 9952 9906 9840 9832 9582 9572 9530 9438 9327 9250 9175
49037214850000 9155 9126 9110 9095 9070 9030 8910 8900 8721 8695 8510 8450 8420 8405 8390
49037238370000 8910 8882 8870 8851 8830 8780 8678 8670 8475 8425 8275 8206 8202 8184 8165
49037230060000 9703 9675 9622 9590 9580 9495 9453 9443 9120 9020 8960
49037219600000 10689 10665 10643 10625 10615 10568 10539 10530 10300 10260 10195 10155 10089 10073 9957
49037208350000 10458 10429 10386 10357 10350 10280 10012 9925 9882
49037210550000 10733 10700 10694 10659 10655 10590 10503 10443 10380
49037053570000 9211 9178 9171 9138 9133 9038 9015 8950 8867
49007206730000 8375 8234 8180 8235 8180
49007205830000 8475 8370 8293 7576 7567
49007205250000 7815 7755 7679 7515 7436 7270 7255
49007212620000 9076 9035 9024 8977 8788 8423 8406
49007204770000 8125 8089 8086 8052 7958 7706 7599 7330 7320
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills
Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) (ft)
49007206550000 5920 5820 5684 5570 4932
49007202920000 6885 6745 6678 6656 6580 6390 5900
49007214180000 6858 6703 6630 6595 6542 6300 6270 6250 5780
49007204060000 5828 5740 5596 5467 4773
49007204220000 7178 7145 7033 7027 6530
49007204860000 7335 7295 6930
49007208310000 7364 7346 7060
49007214450000 7608 7530 7362 7327 6960
49007213790000 7550 7480 7353 7307 6880
49007204230000 7480 7400 7298 7260 6754
49007205410000 7366 7333 7211 7191 6646
49007213590000 7223 7187 7082 7070 6495
49007204580000 7532 7385 7305 7272 6760
49007204130000 7624 7468 7406 7354 6712
49007205240000 7665 7490 7420 7382 6645
49007206630000 8009 7813 7750 7734 7002







49037238040000 9098 9055 9034 9021 8235
49037214850000 8279 8150 8110 8093 7389
49037238370000 8080 7880 6858
49037230060000 8036









Well Number API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde O_Bentonite
in cross section ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
3-3 49007215140000 HIGH POINT UNIT 1 019N-092W-15 NE SW 7200 9530 -114083.2 218053.4 8969 8695
3-4 49007214380000 EAST ECHO SPRINGS 10-26-19-9 019N-092W-26 NW SE 7149 9100 -107772.3 208422 8537 8270
2A-10 49007204500000 ECHO SPRINGS 2-4 019N-093W-04 C SW 6941 10427 -151850.6 228852.2 9549 9290
2A-11 49007204640000 CHAMPLIN 222AMOCO F 1 019N-093W-09 NE SW SW 6836 9879 -151843.4 223593.8 9367 9110
2A-12 49007205840000 UNIVERSAL STATE 1-16 019N-093W-16 SW NE SW 6762 9887 -151863.5 218350.2 9194 8940
2A-13 49007204350000 CHAMPLIN222 AMOCO E 1 019N-093W-21 C SW 6764 9760 -151941.2 213077.8 9122 8865
2A-14 49007204410000 AMOCO-FEDERAL 1-28 019N-093W-28 C SW SW 6738 9630 -151977.8 207819.8 8981 8730
2A-15 49007206070000 FEDERAL BH 1 019N-093W-32 SW NE SW 6727 9300 -157196.2 202675.8 9044 8790
4-6 49037226790000 FREWEN DEEP UNIT 3 019N-094W-07 W2 W2 SW 7000 12025 -194552.3 223933.1 9787 9515
4-8 49037214140000 CHAMPLIN220 AMOCO B 1 019N-094W-19 SW NE SW 6870 10050 -193774.1 213493.6 9651 9381
4-9 49037235110000 CHAMPLIN 443 AMOCO 2 019N-094W-31 NE 6772 10020 -191347.5 205467.7 9645 9375
49037213110000 CHAMPLIN443AMOCO-B 1 019N-094W-31 SW 6770 10060 -193951.8 202843.3 9715 9450
49037216120000 TIERNEY II 5-34 019N-094W-34 SW SW 6872 10100 -178393.3 202819.1 9649 9397
4-5 49037239150000 FREWEN UNIT 9 019N-095W-01 SW NW 6711 9915 -199701 231253.5 9492 9235
4-7 49037225780000 FREWEN DEEP 1 019N-095W-13 SW NE SE 6937 19299 -196517.7 218709.1 9724 9455
49037219240000 CHAMPLIN-257 1 019N-095W-33 C SW 7344 11095 -214944 202966.7 10514 10248
49037231340000 TWO RIM 2-3 019N-095W-35 S2 N2 SW 6831 10320 -204488.4 202968.6 9906 9630
5-5 49037220110000 SEPARATION CREEK 1-A 020N-090W-29 SW SE SE 6813 9200 -60022.6 237745.8 8765 8425
5-4 49037216720000 FEDERAL 3-2A 020N-091W-02 C SW 6924 12205 -78880.4 259533.9 11025 10715
3-1 49037230780000 ECHO SPRINGS FEDERAL 2-32 020N-092W-32 NW SE NE 7179 10161 -122883.7 236197.2 9719 9450
2A-5 49037212520000 USA-AMOCO-T 1 020N-093W-04 C SW 6946 10960 -151743 260347 10346 10075
2A-6 49037202680000 LATHAM UNIT 1 020N-093W-17 NW SW 6822 10206 -157766.8 250642.4 9864 9600
2A-7 49037214530000 CHAMPLIN254 AMOCO-C 1 020N-093W-21 C SW 6927 10400 -151623.6 244567.4 9800 9535
2A-8 49037217190000 ECHO SPRINGS 1-28 020N-093W-28 C SW 6818 10168 -151653.9 239436.8 9593 9330
2A-9 49037213960000 CHAMPLIN242AMOCO K 1 020N-093W-33 W2 SW 6858 10044 -151821.4 234219.6 9539 9278
4-1 49037209040000 MARATHON-FEDERAL 1-8 020N-094W-08 E2 W2 NW 6744 10550 -188244.3 258198.7 9754 9500
49037229090000 CG ROAD 3-1 020N-094W-17 SW NE NW 6709 10450 -188118.8 253074 9657 9390
4-2 49037229380000 C G ROAD 31-20 020N-094W-20 SE NW NW 6734 10018 -188627.4 247877.9 9602 9350
4-3 49037200890000 MARATHON-FEDERAL 1 020N-094W-30 C NE SW 6750 10052 -193020 240435.7 9540 9284
4-4 49037201090000 STATE 1-36 020N-095W-36 NE SW NE 6772 9941 -196997.8 236511.1 9488 9228
5-2 49037211500000 CHAMPLIN 573 AMOCO-A 1 021N-090W-03 C SW 6759 13600 -61854.9 289906.3 12701 12355
5-3 49037210240000 CHAMPLIN528AMOCO-A 1 021N-090W-19 C SW 6956 12612 -77778.4 274113.4 11711 11385
2A-1 49037214270000 FIVE MILE GULCH 9 021N-093W-05 NW SE SW 6754 11558 -167492.7 290547.4 10977 10715
2A-2 49037212670000 FIVE MILE GULCH 6 021N-093W-22 C SW 6905 11400 -156909.6 274709.6 10721 10450
2A-3 49037208010000 FIVE MILE GULCH 1 021N-093W-27 NE NE SW 6823 12622 -156148.4 270218.6 10531 10260
2A-4 49037211820000 UNIT 5 021N-093W-34 C SW 6844 10980 -157051.8 264055.2 10352 10075
5-1 49037209410000 CHAMPLIN446AMOCO-A 1 022N-090W-15 SW NE SW 6600 14953 -61742 310990.3 14248 13875
API Number Asquith Olive Green Olive Green Red Red Gold Gold Orange Orange Dark Green Dark Green Dark Red Dark Red Yellow Yellow
(ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft) Base (ft) Top (ft)
49007215140000 8539 8507 8498 8470 8321 8116 8000
49007214380000 8110 8080 8073 8048 7958 7819 7692 7520 7470
49007204500000 9160 9130 9085 9032 8960 8675 8646
49007204640000 8980 8950 8920 8876 8800 8590 8467
49007205840000 8805 8775 8750 8716 8630 8460 8320
49007204350000 8730 8700 8675 8650 8580 8440 8270
49007204410000 8605 8578 8560 8540 8475 8360 8175 8170 8160
49007206070000 8663 8635 8610 8585 8547 8460 8260 8250 8190 8060 7970
49037226790000 9402 9360 9282 9213 9161 8980 8960 8934 8765
49037214140000 9270 9235 9182 9145 9105 9000 8945 8927 8680 8514 8471
49037235110000 9260 9230 9190 9158 9125 9040 8950 8938 8668 8549 8508
49037213110000 9336 9305 9270 9240 9216 9135 9063 9044 8750 8657 8510
49037216120000 9271 9240 9215 9190 9147 9065 8940 8920 8710 8600 8477
49037239150000 9120 9075 8970 8884 8820 8574 8553 8530 8375
49037225780000 9338 9300 9230 9172 9130 8995 8970 8953 8728 8480 8441
49037219240000 10141 10112 10065 10028 9998 9896 9548 9415 9370
49037231340000 9513 9480 9443 9405 9377 9290 9240 9230 8928 8835 8742
49037220110000 8290 8079 8040
49037216720000 10562 10180 10140
49037230780000 9305 9259 9247 9180 8990 8612 8600
49037212520000 9926 9845 9780 9550 9530 9142 9114
49037202680000 9454 9405 9300 9152 9136 8729 8694
49037214530000 9380 9345 9270 9175 9150 8700 8646
49037217190000 9193 9155 9095 9005 8972 8526 8470
49037213960000 9142 9108 9055 8992 8920 8535 8499
49037209040000 9370 9290 9100 8940 8913 8621 8594
49037229090000 9258 9190 9025 8880 8842 8535 8510
49037229380000 9228 9168 9017 8880 8825 8510 8475
49037200890000 9165 9111 9005 8876 8829 8520 8480
49037201090000 9114 9065 8960 8845 8799 8508 8471 8432 8289
49037211500000 12182
49037210240000 11222 10700 10650
49037214270000 10576 10204 10191
49037212670000 10303 10120 10092 9804 9760 9420 9406
49037208010000 10115 10003 9954 9654 9621 9282 9254
49037211820000 9930 9825 9746 9500 9474 9121 9094
49037209410000 13709
API Number Blue Blue Brown Brown Light Green Light Green Purple Purple Light Blue Light Blue Fox Hills






































API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Overpressure Sonic Res. Mud Tot. 
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) Wt. Gas
49007211610000 PRONGHORN 8-8 013N-092W-08 NW SE NE 6476 10050 -120374 34299.8 7894 x x
49007207800000 NORTH BAGGS-FEDERAL 1-34 013N-092W-34 W2 SE 6490 8120 -110497.7 10937 7237 x
49037217410000 MCPHERSON SPRINGS 14-2 013N-094W-14 NW NW NE 6243 13020 -168902.2 30689.7 8992 x x
49007209850000 SUPRON-FEDERAL 2A-4-14-92 014N-092W-04 SE NW NE 6599 8995 -115600.5 72126.5 8443 x
49007207950000 SANTA FE-FEDERAL 1-9 014N-092W-09 SW NE NE 6540 9012 -115068.7 66567.3 8178 x
49007203820000 S W ROBBERS GULCH-A 1 014N-092W-15 SW NE SW 6573 9915 -112497.2 58619.2 8166 x x
49007207380000 CIGE-FEDERAL 1-20 014N-092W-20 SE NW NE 6707 9773 -120523.6 56067.6 7784 x
49007203550000 SW ROBBERS GULCH 1 014N-092W-27 C NE 6599 9500 -109954.9 50544 8109 x x
49007206910000 SANTA FE-FEDERAL 1-29 014N-092W-29 E2 NE 6791 9889 -120377.7 50594.1 7900 x
49007211480000 BIG RIDGE UNIT 1 014N-093W-19 NW SE SE 6719 12220 -157066.9 53502.8 8664 x
49037223040000 DRIPPING ROCK 3 014N-094W-08 SE SW NW 6618 13036 -186518 66299.6 8879 x x
49037229100000 DRIPPING ROCK UNIT 6 014N-094W-17 NW SE SE 6471 12530 -183357.3 58914.7 8921 x x
49037222540000 DRIPPING ROCK 1 014N-094W-17 SW SW NW 6580 13410 -186943.7 60764.3 8930 x x
49037224040000 DESERT ROSE FEDERAL 1 014N-096W-13 NW NW SE 6504 14817 -226653 60385.7 10009 x x
49007208110000 CIGE-FEDERAL 1-7 015N-092W-07 NW SE SW 6580 9355 -128003.4 95236.1 8769 x
49007208170000 CIGE-FEDERAL 1-8 015N-092W-08 E2 SW 6572 9035 -122812.9 95442.1 8481 x
49007209860000 CIGE-FEDERAL 2A-8-15-92 015N-092W-08 NW SW NE 6607 8962 -121236 97434.4 8342 x
49007207120000 GETTY STATE 1-16 015N-092W-16 SE NW SW 6691 8936 -117819.7 90202.7 8349 x
49007207850000 SOCO-CIGE-FEDERAL 15-1-33 015N-092W-33 SW NE NE 6593 8904 -114963.5 77013.2 8366 x
49007209150000 FEDERAL 40-1-15-93 015N-093W-01 SW NE SE 6556 9068 -130577.9 100938 8935 x
49007207180000 FLAT TOP 1-10 015N-093W-10 SE NW NE 6592 10668 -141266.3 98382.6 9090 x x
49007202970000 BLUE GAP II UNIT 7-13-15-93 015N-093W-13 NE NW SE 6620 9750 -131399.7 90933.1 8786 x x
49007209580000 FEDERAL 0-18-15-93 015N-093W-18 NW NW SE 6781 10732 -158188.7 91602 8963 x
49007203120000 FEDERAL 38-25-15-93 015N-093W-25 C SW NE 6767 10000 -131475.3 81689.4 8537 x x
49007213960000 SNOWBANK UNIT 1 015N-093W-31 SW NW 7262 11865 -159822.7 77475 8985 x x
49037217850000 WINDMILL DRAW UNIT 3 015N-094W-12 SE NW SE 6842 11432 -162523.9 96076.6 9112 x x
49037210710000 WINDMILL DRAW 1 015N-094W-14 NW NW SE 6928 12575 -168427.9 91395.1 9085 x x
49037220310000 WILDMILL DRAW UNIT 5 015N-094W-21 SW SE NW 6910 12952 -180457.4 87150.5 9145 x x
49037230310000 NORTH RUGER UNIT 334-29 015N-094W-29 NE SW SE 6720 12550 -183846.9 80100 9020 x
49037210640000 WINDMILL DRAW 2 015N-094W-30 SE NW 6800 13733 -190174.2 82375.9 9293 x x
49037229240000 RUGER UNIT 24-32 015N-094W-32 NW SE SW 6642 12540 -185720.4 74743.4 9002 x
49037219900000 CENTURY-FEDERAL 1-2 015N-096W-02 NW SE NW 6635 14874 -232770.7 104347.2 10033 x x
49037210280000 CHAMPLIN 538 AMOCO- 1 015N-098W-05 NE SW SW 7144 13675 -311453.8 102872.5 9421 x
49037212920000 BLUEWATER FEDERAL 3-18 015N-099W-18 SW NE NE 7415 13900 -345713.1 95854.9 9412 x x
49037207490000 CHICKEN SPRINGS 1 015N-100W-21 NW SE SW 7424 9320 -368889.9 87735.4 8674 x x
49007206830000 HAMILTON-FEDERAL 1-33 016N-092W-33 SW NE SW 6528 8141 -117609.4 106092 7894 x
49007209460000 BARREL SPRINGS 330-1-16-93 016N-093W-01 NE SW SW 6701 8845 -133180.3 132369.1 8567 x
49007205350000 BARREL SPRINGS UNIT 7-1 016N-093W-07 C SE 6583 12139 -156893.2 127605.4 8774 x x
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Overpressure Sonic Res. Mud Tot. 
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) Wt. Gas
49007205330000 BARREL SPRINGS UNIT 8-1 016N-093W-08 NW SE NW 6585 12000 -154244.7 130076.8 8727 x x
49007204800000 BARREL SPRS UNIT II 9-1 016N-093W-09 SW NE SE 6559 11556 -146339.6 127479.8 8510 x x
49007208940000 FEDERAL 40-10-16 016N-093W-10 NW SE SE 6562 9180 -141034.1 127393.1 8661 x
49007201250000 UNIT 11-1 016N-093W-11 SW NE 6616 9043 -136557.4 129240 8548 x
49007204670000 STATE # 16-1 016N-093W-16 NE SW SE 6566 11700 -146615 121972.1 8923 x x
49007204830000 BARREL SPRS UNIT II 27-1 016N-093W-27 SW NE SE 6543 11575 -141130.6 111557.7 8919 x x
49037217480000 CHAMPLIN 444 AMOCO 1 016N-094W-01 C SW 6604 10340 -164613.4 132963 8685 x
49037233930000 CHAMPLIN 444 AMOCO 2 016N-094W-01 NE 6588 10065 -162079.3 136742.5 8593 x
49037207580000 FEDERAL 1-4-64 016N-094W-04 C NW NE 6852 11616 -178361.5 137515 9183 x x
49037204410000 FEDERAL 1-8 016N-094W-08 SE NE NE 6880 11470 -182452.5 131081.7 9535 x
49037217980000 UNIT 12-1 016N-094W-12 C NW 6606 12665 -164733.3 130311.1 8731 x x
49037218210000 GULF BARREL SPINGS 1-24-1C 016N-094W-24 C NW 6633 12866 -164735.8 119631 8955 x x
49037214640000 SHALLOW CREEK UNIT 1 016N-094W-30 NW NW SE 6962 12500 -189400.2 112996.6 9355 x x
49037223330000 STATE 1-36 016N-094W-36 SW NE NE 6822 11072 -161920.5 109237.6 9194 x
49037205040000 FEDERAL 1-10-5 016N-095W-10 NW NW 6918 13510 -207118.6 131389.4 9494 x x
49037209850000 SALAZAR UNIT 2 016N-095W-11 SW SE NW 6875 12700 -200507.9 129962.6 9476 x
49037210270000 CHAMPLIN535 AMOCO-A 1 016N-097W-17 C SW 6982 14200 -279524.3 123872.2 10010 x x
49037207820000 CHAMPLIN 273 AMOCOA 1 016N-098W-29 SW NE SE 7142 14996 -308470 113650.1 9222 x
49037205220000 BITTER CREEK II UN 1 016N-099W-22 SW NE NE 7275 21322 -328740.1 122379.9 9039 x x x x
49037213430000 BITTER CREEK II 2A 016N-099W-23 NE SW SW 7309 11800 -326909.3 119122.1 9070 x
49037201810000 WELCH-FEDERAL 1 016N-100W-22 W2 SW NE 7947 8259 -361301.6 121896.9 7968 x x
49037207670000 S E WELCH 1 016N-100W-25 C NW NW 7681 10220 -353519.5 117796.5 8581 x x
49007210910000 MUDDY CREEK 18-1 017N-091W-18 NW SE NW 7004 6050 -99065.2 156692.3 7263 x
49007215470000 BALDY BUTTE FEDERAL 4 017N-092W-04 SW SE 6775 8320 -118305.1 164982.7 7775 x
49007207690000 PTS-FEDERAL 1-8 017N-092W-08 N2 SW 6816 8997 -126386.7 159923 7701 x
49007215640000 BALDY BUTTE FEDERAL 6 017N-092W-10 NW SW 6773 8270 -115849.7 160455.9 7709 x
49007207580000 CHORNEY-FEDERAL 1-12 017N-092W-12 N2 NW 6744 7732 -105315.4 162363.5 7203 x
49007203170000 CHAMPLIN 445 AMOCO 1 017N-092W-15 C SW 6679 8250 -115671 154391.7 7637 x x
49007207570000 SNYDER-HUSKY 1-18 017N-092W-18 C SW 6821 9127 -131339.3 154608 7793 x
49007208100000 SNYDER HUSKY 1-28 017N-092W-28 C NW 6670 8516 -121038.3 146555.1 7623 x
49007210920000 GOVERNMENT 34-1 017N-092W-34 SE SW SE 6828 7052 -113487 138053.3 7605 x
49007204520000 D S FEDERAL 14-4 017N-093W-04 NE SW SW 6751 9882 -152304.9 165468.3 8418 x x
49007214760000 WAMSUTTER-FEDERAL 2-6 017N-093W-06 SE NE 6675 9571 -159701.7 168330.1 8542 x
49007213940000 CHAMPLIN 336 AMOCO 2 017N-093W-07 NE 6627 9640 -160365.1 163025.3 8591 x
49007203700000 CHAMPLIN 336AMOCO-B 1 017N-093W-07 SW 6622 9933 -162647.3 160362.6 8585 x
49007202580000 CHAMPLIN 226 AMOCO 1 017N-093W-11 NW NW 6767 9544 -142322 163475 8478 x
49007204530000 STATE E 1 017N-093W-16 NW SE SW 6631 9550 -152109.5 154907 8375 x x
49007203880000 CHAMPLIN 336AMOCO-C 1 017N-093W-19 SW 6625 10044 -162857.8 149661.8 8618 x
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Overpressure Sonic Res. Mud Tot. 
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) Wt. Gas
49007203680000 CHAMPLIN 444AMOCO-B 1 017N-093W-21 SW 6597 9600 -152203.4 149671.3 8395 x
49007204950000 YATES-FEDERAL 28-1 017N-093W-28 E2 SW 6576 9585 -152223.9 144329.5 8401 x
49007213620000 COAL GULCH 8-30-17-93 017N-093W-30 SE NE 6596 9750 -159991.2 146916.7 8548 x
49007204890000 CHAMPLIN444 AMOCO-F 1 017N-093W-33 C SW 6580 9558 -152246.3 139126.2 8367 x
49037210540000 CHAMPLIN 237AMOCO-B 1 017N-094W-03 SW 6692 10380 -178366.1 165737.5 8858 x
49037214070000 CHORNEY-FEDERAL 4-1 017N-094W-04 SE NW SW 6696 10650 -183667.2 165982 8902 x
49037210750000 CHAMPLIN237AMOCO-C 1 017N-094W-05 SW NE SW 6710 11420 -188755.9 166062.1 8896 x
49037207220000 FEDERAL 1-6-74 017N-094W-06 SE NE SW 6751 11285 -193522.5 166639.8 8847 x x
49037237270000 MEXICAN FLATS 6-2 017N-094W-06 SW SE 6751 11994 -191745.5 165769 9418 x
49037207440000 CHAMPLIN 237 1 017N-094W-07 SW NW SE 6834 12700 -192266.4 161353.1 9479 x x
49037216550000 CHAMPLIN 336AMOCO-D 1 017N-094W-13 SE NW SW 6566 10147 -167996.1 155221.8 8702 x
49037210390000 CHAMPLIN237AMOCO-D 1 017N-094W-17 C SW 6826 11290 -188939.6 155375.7 9574 x x
49037208550000 CHAMPLIN 336 1 017N-094W-21 SW NE SW 6821 11556 -183558.6 150257.4 9594 x x
49037211920000 CHAMPLIN293AMOCO-B 1 017N-095W-01 NW 6819 11235 -199630.5 168672.8 9032 x
49037207630000 CHAMPLIN256 AMOCO-A 1 017N-096W-03 NW NE SW 7132 13769 -241104.5 167167.1 9355 x x
49037217760000 CHAMPLIN 534 AMOCO 1 017N-096W-17 C SW 7073 12896 -252233.2 155898.4 9147 x x
49037213740000 SMOKEY BLUEWATER 2-18 017N-096W-18 SE NW SW 7098 13007 -257498.5 156067.9 9112 x x
49037220020000 NIX-STATE 1-36 017N-096W-36 NE SW SW 6952 13980 -231307.1 139858.9 9691 x x
49037218730000 CHAMPLIN 271 AMOCO 1 017N-097W-13 C SW 6994 12368 -262158.3 156199.1 9182 x x
49037207900000 NORTH FORK-FED 1 017N-097W-14 C SW 6994 13560 -267624.1 156088.8 9017 x x
49037201780000 PAN AM-UPRR 1 017N-098W-07 NE SE NW 6946 7550 -319146 164237.1 8000 x
49037209570000 CHAMPLIN440AMOCO-A 1 017N-098W-11 SE NW NW 6973 9250 -298931.5 164585.9 8691 x x
49007203160000 CRESTON III UNIT 3 018N-091W-05 C SW 7072 8681 -94252.5 196929.7 7770 x x
49007205000000 CRESTON III UNIT 8 018N-091W-08 NW SE SW 7219 8494 -94241.4 191478.5 7807 x x
49007202610000 CRESTON 3-1 018N-092W-03 NW SE 7123 11020 -113147.3 197635.7 7869 x x
49007215740000 COALBANK 8-1 018N-092W-08 SE SE 6963 8835 -122876.1 191438.6 7914 x
49007202810000 CRESTON 1-9 018N-092W-09 E2 SE 6965 11000 -117637.8 191725.4 7772 x x
49007216630000 CRESTON NOSE 4-9-18-92 018N-092W-09 NW NW 6996 8950 -120501.3 194392.6 7912 x
49007201330000 CRESTON-UNIT 1 018N-092W-12 C NE NE 7180 10855 -101434.4 194948 7783 x x
49007215690000 COALBANK 15-4 018N-092W-15 C SW 6994 8880 -114216.2 187689.4 7835 x
49007215880000 COAL GULCH 1-22 018N-092W-22 NW NW 6973 8595 -115400.6 184003.9 7794 x
49007205170000 CRESTON III UNIT 5-24 018N-092W-24 C NW SE 6945 10100 -102753.4 181773.9 7735 x
49007206550000 CRESTON III UNIT 14-25 018N-092W-25 NE SW SE 6841 9747 -102532.9 175760.6 7517 x x
49007202920000 CRESTON 1-28 018N-092W-28 SW SE 6915 10851 -117969.1 175781.4 7868 x x
49007214180000 COAL BANK 33 1 018N-092W-33 C SW 6852 8842 -120519.1 170452.4 7861 x
49007204060000 CRESTON III UNIT 4 018N-092W-36 C NW SE 6800 9654 -102892.6 171167.3 7384 x
49007204220000 CHAMPLIN278AMOCO-D 1 018N-093W-01 C SW 6875 9470 -136043.2 197239 8131 x
49007204860000 CHAMPLIN222 AMOCO-H 1 018N-093W-05 C SW 6726 9606 -157257.8 197520 8472 x
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Overpressure Sonic Res. Mud Tot. 
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) Wt. Gas
49007208310000 STANDARD DRAW 1-6 018N-093W-06 SW NE SW 6708 9650 -162401.9 197715.1 8609 x
49007214450000 EIGHTMILE 7-1 018N-093W-07 NE 6709 9512 -159933.2 194888.8 8553 x
49007204230000 CHAMPLIN261AMOCO-H 1 018N-093W-09 C SW 6754 9470 -151961.2 192110.5 8395 x
49007205410000 STANDARD DRAW 2-10 018N-093W-10 SW NE SW 6765 9500 -146692.2 191986.1 8261 x
49007213590000 CHAMPLIN 278 B"" 2 018N-093W-11 W2 W2 NE 6829 9160 -139690.5 194622 8150 x
49007204580000 STANDARD DRAW 3-16 018N-093W-16 NE SW 6753 9694 -152136.9 186915.4 8431 x
49007204130000 CHAMPLIN261AMOCO-D 1 018N-093W-21 C SW 6798 9500 -152004.4 181536.1 8449 x
49007205240000 TRIGG-FEDERAL 28-1 018N-093W-28 C SW SW 6762 9520 -151980.7 176274.1 8450 x
49007206630000 CHAMPLIN 261 AMOCO 1 018N-093W-31 C SW 6676 9910 -162595.7 171086.3 8593 x x
49007204510000 CHAMPLIN 226AMOCO G 1 018N-093W-33 C SW 6722 9300 -152023 170957.8 8442 x
49037240440000 WAMSUTTER RIM 1-1 018N-094W-01 C 6733 10280 -166373.5 198814.1 8668 x x
49037217740000 FEDERAL BI 1 018N-094W-04 C SW 6760 10203 -183591.8 197600.6 8557 x x
49037208670000 CHAMPLIN 337 AMOCO 1 018N-094W-05 SW NE SW 6765 10437 -188849.1 197638.4 8617 x x
49037204870000 FEDERAL 1-6 018N-094W-06 NE NW 6761 10299 -193344.1 200866.9 8932 x x
49037211360000 FEDERAL-W 1 018N-094W-18 C SW 6781 10504 -194200.3 186917.1 9130 x x
49037211670000 CHAMPLIN 292AMOCO B 1 018N-094W-19 NE SW SW 6837 10800 -194157.9 181738.6 9260 x
49037238040000 CHAMPLIN 293 AMOCO 3 018N-094W-31 SW NW 6857 10793 -194338.8 173708.6 9328 x
49037214850000 CHAMPLIN-I61 AMOCO 1 018N-094W-35 C SW SW 6697 10080 -173100 171175.3 8723 x
49037238370000 RED LAKES 9-36-18-94 018N-094W-36 NE SE 6691 9798 -165206.4 171148.1 8597 x
49037230060000 TWO RIM 1-1 018N-095W-03 NE NE NW 6860 10500 -208783 200961.8 8752 x x
49037219600000 CHAMPLIN 292 AMOCO 1 018N-095W-33 C SW 6910 11750 -215198.2 171392.7 9144 x x
49037208350000 CHAMPLIN267AMOCO-A 1 018N-096W-13 SW NE SW 7092 12766 -230798.7 187533.7 8773 x x
49037210550000 CHAMPLIN 534 AMOCO-A 1 018N-096W-31 C SW 7041 11802 -257341.3 171809.3 8845 x x
49037053570000 LANEY RIM UNIT 27-3 018N-097W-27 C NW NW 7319 9970 -273001.6 180781.9 8709 x x
49007206730000 CRESTON SOUTHEAST 5 019N-091W-01 C SW 6986 9708 -73508.9 227934.6 8173 x x
49007205830000 SOUTHEAST CRESTON 3 019N-091W-10 NE SW SW 7251 9500 -84380.3 222261 8259 x x
49007205250000 WINDY HILL 1 019N-091W-29 SE NW NW 7031 8744 -94358.6 210099.1 7710 x x
49007212620000 ECHO SPRINGS 276 E 2 019N-092W-05 NE SW NE 7127 9927 -123209 230940.6 8167 x
49007204770000 CHAMPLIN276 AMOCO D 1 019N-092W-13 C SW 6972 9202 -104748.5 217886.2 7899 x x
49007215140000 HIGH POINT UNIT 1 019N-092W-15 NE SW 7200 9530 -114083.2 218053.4 7996 x
49007214380000 EAST ECHO SPRINGS 10-26-19-9 019N-092W-26 NW SE 7149 9100 -107772.3 208422 7950 x
49007204500000 ECHO SPRINGS 2-4 019N-093W-04 C SW 6941 10427 -151850.6 228852.2 8643 x
49007204640000 CHAMPLIN 222AMOCO F 1 019N-093W-09 NE SW SW 6836 9879 -151843.4 223593.8 8466 x
49007205840000 UNIVERSAL STATE 1-16 019N-093W-16 SW NE SW 6762 9887 -151863.5 218350.2 8431 x
49007204350000 CHAMPLIN222 AMOCO E 1 019N-093W-21 C SW 6764 9760 -151941.2 213077.8 8471 x
49007204410000 AMOCO-FEDERAL 1-28 019N-093W-28 C SW SW 6738 9630 -151977.8 207819.8 8459 x
49007206070000 FEDERAL BH 1 019N-093W-32 SW NE SW 6727 9300 -157196.2 202675.8 8468 x x
49037226790000 FREWEN DEEP UNIT 3 019N-094W-07 W2 W2 SW 7000 12025 -194552.3 223933.1 8763 x x
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Overpressure Sonic Res. Mud Tot. 
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) Wt. Gas
49037214140000 CHAMPLIN220 AMOCO B 1 019N-094W-19 SW NE SW 6870 10050 -193774.1 213493.6 8737 x x
49037235110000 CHAMPLIN 443 AMOCO 2 019N-094W-31 NE 6772 10020 -191347.5 205467.7 8737 x
49037213110000 CHAMPLIN443AMOCO-B 1 019N-094W-31 SW 6770 10060 -193951.8 202843.3 8610 x
49037216120000 TIERNEY II 5-34 019N-094W-34 SW SW 6872 10100 -178393.3 202819.1 8592 x
49037239150000 FREWEN UNIT 9 019N-095W-01 SW NW 6711 9915 -199701 231253.5 8817 x x x
49037225780000 FREWEN DEEP 1 019N-095W-13 SW NE SE 6937 19299 -196517.7 218709.1 8797 x x x
49037219240000 CHAMPLIN-257 1 019N-095W-33 C SW 7344 11095 -214944 202966.7 8638 x x
49037231340000 TWO RIM 2-3 019N-095W-35 S2 N2 SW 6831 10320 -204488.4 202968.6 8769 x
49037216720000 FEDERAL 3-2A 020N-091W-02 C SW 6924 12205 -78880.4 259533.9 9132 x x
49037230780000 ECHO SPRINGS FEDERAL 2-32 020N-092W-32 NW SE NE 7179 10161 -122883.7 236197.2 8176 x
49037212520000 USA-AMOCO-T 1 020N-093W-04 C SW 6946 10960 -151743 260347 9290 x
49037202680000 LATHAM UNIT 1 020N-093W-17 NW SW 6822 10206 -157766.8 250642.4 9008 x x
49037217190000 ECHO SPRINGS 1-28 020N-093W-28 C SW 6818 10168 -151653.9 239436.8 8768 x
49037213960000 CHAMPLIN242AMOCO K 1 020N-093W-33 W2 SW 6858 10044 -151821.4 234219.6 8730 x
49037209040000 MARATHON-FEDERAL 1-8 020N-094W-08 E2 W2 NW 6744 10550 -188244.3 258198.7 8878 x
49037229090000 CG ROAD 3-1 020N-094W-17 SW NE NW 6709 10450 -188118.8 253074 8848 x x
49037229380000 C G ROAD 31-20 020N-094W-20 SE NW NW 6734 10018 -188627.4 247877.9 8822 x
49037201090000 STATE 1-36 020N-095W-36 NE SW NE 6772 9941 -196997.8 236511.1 8792 x x
49037211500000 CHAMPLIN 573 AMOCO-A 1 021N-090W-03 C SW 6759 13600 -61854.9 289906.3 9340 x
49037210240000 CHAMPLIN528AMOCO-A 1 021N-090W-19 C SW 6956 12612 -77778.4 274113.4 9353 x x
49037214270000 FIVE MILE GULCH 9 021N-093W-05 NW SE SW 6754 11558 -167492.7 290547.4 9515 x x
49037212670000 FIVE MILE GULCH 6 021N-093W-22 C SW 6905 11400 -156909.6 274709.6 9552 x
49037208010000 FIVE MILE GULCH 1 021N-093W-27 NE NE SW 6823 12622 -156148.4 270218.6 9519 x x
49037211820000 UNIT 5 021N-093W-34 C SW 6844 10980 -157051.8 264055.2 9341 x
49037209410000 CHAMPLIN446AMOCO-A 1 022N-090W-15 SW NE SW 6600 14953 -61742 310990.3 9609 x x
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Mesaverde Fox Hills
ELEV_KB (ft) TD (ft) (ft) (ft) (ft) (ft)
49037229100000 DRIPPING ROCK UNIT 6 014N-094W-17 NW SE SE 6471 12530 -183357.3 58914.7 12213 10039
49007216770000 BARREL SPRINGS UNIT 7-22-16-93 016N-093W-22 SE SW NE 6545 9340 -141461.9 118679.7 8836 6711
49007216630000 CRESTON NOSE 4-9-18-92 018N-092W-09 NW NW 6996 8950 -120501.3 194392.6 8423 6283
49007215880000 COAL GULCH 1-22 018N-092W-22 NW NW 6973 8595 -115400.6 184003.9 8120 5960
49007214450000 EIGHTMILE 7-1 018N-093W-07 NE 6709 9512 -159933.2 194888.8 9057 6960
49007216250000 CHAMPLIN 278 AMOCO 3 018N-093W-13 SW NE SW 6874 9060 -136014.7 186959.3 8616 6418
49037240440000 WAMSUTTER RIM 1-1 018N-094W-01 C 6733 10280 -166373.5 198814.1 9808 7810
49037238040000 CHAMPLIN 293 AMOCO 3 018N-094W-31 SW NW 6857 10793 -194338.8 173708.6 10421 8235
49037238370000 RED LAKES 9-36-18-94 018N-094W-36 NE SE 6691 9798 -165206.4 171148.1 9299 6858
49037239150000 FREWEN UNIT 9 019N-095W-01 SW NW 6711 9915 -199701 231253.5 9492 7410
49037238210000 TWELVEMILE 7-1 021N-094W-07 SW NE 6726 10520 -202876.3 286956.9 10182 7977
API Number Well Name Well Number Well Label WELL WELL Surface X Surface Y Core Interval
ELEV_KB (ft) TD (ft) (ft) (ft) (ft)
49037241850000 CEPO LEWIS 21-18 014N-095W-18 NE SW SW 6437 13397 -223153.9 59522 13250.5-13282.5
49037242370000 POWDER MOUNTAIN UNIT 1-13E 014N-096W-13 NE SE NE 6435 13503 -224572.5 61787.2 13330.6-13368.5
49037064170000 DESERT SPRINGS UNIT 19 021N-097W-19 SW NE 6849 5953 -297384.8 278497 5831-5929
49037063730000 DESERT SPRINGS UNIT 1 021N-098W-12 W2 SE 6760 5900 -301844.8 287177.2 5705-5776
49037232930000 STRIKE UNIT 40-7 022N-095W-07 C SE 6796 10180 -232861.5 317571.6 9886-9937
49037232950000 STRIKE UNIT 30-16 022N-095W-16 6847 10300 -225097.2 312280.3 10037-10066
49037232440000 STRIKE UNIT 22-17 022N-095W-17 NE SE NW 6878 10200 -229493.1 314794 9960-9989.5
49037228990000 RESERVE-FEDERAL 10-14 022N-096W-14 SE NW NE 6720 10038 -243481 315278.1 9564-9594
49037228990000 RESERVE-FEDERAL 10-14 022N-096W-14 SE NW NE 6720 10038 -243481 315278.1 9594-9789
49037228460000 HAY RESERVOIR UNIT 47 023N-097W-11 C SE 6628 9950 -274784.1 349935.5 9288-9310
49037231550000 HAY RESERVOIR UNIT 48 023N-097W-11 SW NW NE 6633 9775 -276128.2 353085.8 9332.4-9402.3
49037233850000 HAY DAM 34-12 023N-097W-12 SE SE 6627 9735 -269190.7 349903 9424-9485
49037230070000 J.T. FEDERAL 4 023N-097W-13 S2 N2 SE 6623 9715 -269211 344848.1 9317-9357
49037231520000 J T FEDERAL 5 023N-097W-13 SE NW NE 6622 9780 -269391.1 347386.9 9344.5-9395.6
49037233010000 HAY RESERVOIR UNIT 58 024N-097W-15 SW NW SW 6813 10625 -284626.6 376751.1 10263-10299
49037229010000 HAY RESERVOIR 52 024N-097W-21 C NE NE 6846 10500 -285328.7 374434.4 10152-10201
49037233000000 HAY RESERVOIR UNIT 59 024N-097W-22 NE NW NE 6832 10700 -281180.5 375105.5 10308-10359
49037229720000 HAY RESERVOIR UNIT 53 024N-097W-22 NW SE SW 6807 10420 -283389 371090.3 10083-10119
49037231930000 HAY RESERVIOR UNIT 57 024N-097W-22 SW SW NE 6833 10590 -281432.4 372918 10222.3-10270.2
49037221130000 HAY RESERVIOR UNIT 41 024N-097W-27 NE NW NW 6830 10425 -283883.6 369303.1 10018-10062
49037208590000 HAY RESERVOIR UNIT 5 024N-097W-27 NW SE 6813 11914 -281397.5 366597.7 9982-10038
49037210690000 HAY RESERVIOR UNIT 11 024N-097W-28 SE NW 6902 10141 -287961.5 368033.9 9918-9948
49037229330000 HAY RESERVOIR UNIT 50 024N-097W-36 SE SW SW 6660 10175 -273154.8 359698.5 9872-9907
